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Figure 1: Real-time nitrogen field advice through a cloud service
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Source: Adapt-N.com.

with crop needs (Figure 1). In on-
farm field evaluations, this technol-
ogy has proven to offer a win-win
opportunity: it increases farmers’
profits while reducing negative
environmental impacts.'”” Similar
technologies can be employed for
irrigation and pest management,
among others.

Some of the main advantages of
employing such cloud-based services
are:

¢ the high scalability such services
provide allows the technology
to be rapidly employed in many

growing environments,

e employment at scale allows for
dramatic reductions in per-unit
(hectare) expense and can drive

down adoption costs, and

¢ cloud-based and mobile commu-
nications allow for continuous
access and real-time monitoring

of the status of farm resources.
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The next phase of technology
deployment will likely be the inte-
gration of highly computational,
data-intensive tools with low-cost
field sensor technologies offer-
ing management advice based on
ensemble technologies.

Precision farming services in Bulgaria

Prior to Bulgaria’s political and eco-
nomic reforms of 1989, the country’s
agriculture was relatively efficient
by Eastern European standards, and
included large cooperative farms
and highly consolidated production
units (fields and livestock facilities).
After the reforms, Bulgaria liqui-
dated many of the former collec-
tive farms, and the associated land
privatization resulted in a subdivi-
sion of fields into smaller plots with a
great number of heirs—that is, large
fields are often owned by multiple
absentee landowners (82% of hold-
ings are comprised of fewer than

two hectares).'® But through lease
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agreements with many individual
landowners, private farmers can still
cultivate the vast majority of the
land through large-scale agriculture,
with wheat, sunflower, and maize as
primary crops. Furthermore, since
its European Union accession in
2007, the EU Common Agricultural
Policy invested around US$4 billion
in Bulgaria’s agriculture, much of it
through direct payments intended
to support farms, rural employment,
good management practices, and
stable food supplies.

These
resulted in viable large-scale farming

developments  have
in Bulgaria, and also created excep-
tional opportunities for the adoption
of precision farming methods. Many
farmers are purchasing advanced
field equipment, and regional tech-
nical service providers are offering
associated products and services. For
example, NIK is a company that
works with farmers to implement

modern precision technologies in




Bulgaria."” These technologies are
offered through (1) strategic partner-
ships with Northern American and
European technology leaders that
allow for capital and service invest-
ments (farm management software,
mapping and navigation hardware
and software, precision application
equipment, auto-steering and guid-
ance systems, weather and satellite
monitoring, irrigation equipment,
etc.), and (2) skilled field profes-
sionals who implement technologies
on farms and help develop local
knowledge. In summary, the rapid
adoption of digital farming technol-
ogy in Bulgaria can be attributed to

a combination of:

e large-scale production units that
are a result of land reforms under
socialist governments prior to
1989,

e a workable land lease system that
allows private farmers to manage
large land tracks with multitudes

of small land owners,

e farm payments from the Euro-

pean Union, and

e strategic partnerships with lead-
ing technology providers.

Remote sensing and financial risk

management to alleviate poverty

The USA has long had major govern-
ment programmes in place to facili-
tate risk management for farmers in
various forms. Today the bulk of that
funding is allocated to risk manage-
ment and insurance programmes
with great success. However, uptake
has been slower in the developing
world. This is in part the result of
the fact that the programmes are not
as well funded in developing coun-
tries; furthermore, verifying yields
and losses is much more difficult in
remote areas of the developing world,
despite the fact that those agricultural

producers face risk all the same.
Several programmes have emerged
recently to address these issues using
index-based insurance schemes.”
Initially, pilot programmes in the
developing country context relied
heavily on station-level weather
data. However, these data are often
sparse and are themselves difficult to
verify. In recent years there has been
a movement towards a different solu-
tion: using remotely sensed data to
determine losses. The Index Based
Livestock Insurance programme
(IBLI) in Kenya and Ethiopia was
one of the earlier adopters of this
approach.?’ As newer remote sens-
ing platforms come online, as well
as lower-cost custom options (e.g.,
nano-satellites, unmanned aerial
systems, etc.), there will likely be a
large movement towards designing
the risk management programmes of’
the future around these sensing tech-
nologies to indicate both when losses
occur and the extent of those losses.

Conclusions

The penetration of advanced digital
technologies into the agricultural
industry is progressing rapidly in
advanced economies, and is increas-
ingly impacting developing coun-
tries. Because of several unique
characteristics of agriculture (involv-
ing its highly localized and variable
resources, poor connectedness in
rural areas, education and research
gaps, support businesses, and global
players), digital agriculture requires
special consideration from govern-
ments and industry leaders. This will
be well worth the effort because it is
a primary path towards a sustainable
food supply.

Notes
1 UN DESA, 2015.

2 Montgomery, 2007.
3 Foley, 2011.
4 Tien, 2013; Song et al, 2016.
5 Woodard, 2016a.
6  Schwab, 2016.
7 vanEsetal, 2016.
8  Woodard, 2016a, 2016b.
9 vanEsetal, 2016.
10 Castleetal, 2015.
11 Castle etal, 2015.

12 Further information about Ag Data
Transparency is available at http://www.
fb.org/ag-data.

13 Fernandez et al., 2016.

14 Murray, 2015.

15 Woodard, 2016a.

16 vanEsetal, 2016.

17 Selaetal, 2016; Sela et al. 2017.
18  European Commission, 2015.

19 More information about NIK is available at
http//www.nik.bg/en.

20 Woodard et al, 2016.
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CHAPTER 5

Digital Technologies Transforming Indian Agriculture

ANKUR SETH, formerly with the Confederation of Indian Industry — Jubilant Bhartia Food and Agriculture Centre of Excellence (FACE)

Kavery GANGuLy, Confederation of Indian Industry — Jubilant Bhartia Food and Agriculture Centre of Excellence (FACE)

India is the world’s largest sourcing
destination for the information tech-
nology (IT) industry, accounting for
approximately 67% of the US$124—
130 billion market." However, the
emergence of farm technologies inte-
grated with a robust information and
communication technology (ICT)
framework is still evolving in India,
and it holds tremendous potential to
both positively impact agricultural
performance and enhance farmers’
income. The impact of technology
in unlocking value for the people
at the bottom of the pyramid and
improving access to critical services
is well demonstrated in the healthcare
sector in India, as observed in the case
of mobile technology—enabled tele-
medicine and low-cost devices that
can address health conditions such
as anaemia in a large section of the
population. Technology has powered
Indian agriculture time and again
by helping overcome productivity
stagnation, strengthening market
linkages, and enhancing farm man-
agement. In the past, Indian agri-
culture faced a formidable challenge
to grow more food, but it faces an
even more difficult challenge today
and for the future: to grow more
sustainably and inclusively. Major
challenges confronting Indian agri-
culture include declining total pro-
ductivity, diminishing and degrading
natural resources, a rapidly growing
demand for food (not just for quantity
but also for quality), stagnating farm
incomes, fragmented land holdings,

and unprecedented climate change.
It has been established that technol-
ogy adoption modernizes farmers’
production practices and leads to
uniform annual returns for farm-
ers, reduced risk of crop failure, and
increased yields.?

Direct applications of digital
technology include remote sensing
(via satellites), geographic informa-
tion systems, crop and soil health
monitoring, and livestock and farm
management, among other applica-
tions. At the pre-harvest stage, digital
technology can recommend crop and
input selection and assist in obtaining
credit and insurance. At the on-farm
stage, there is need for weather advi-
sories and disease- and pest-related
assistance; and at the post-harvest
stage, real-time data on both domestic
and export markets are needed. The
growth of competitive markets and
demand for consistent food quality
is making the adoption of such tech-
based solutions imperative for the
Indian farmer. Much of the scope for
application and innovation remains
to be exploited. The application of
digital technology in agriculture has
been instrumental in promoting data
generation as well as the advanced
analytics that allow farmers to make
smart decisions about farming and to
benefit from an economical use of

inputs and labour.

Technology: A key driver for sustainable
agriculture
India is one of the leading contribu-
tors to the global food basket. The
country’s food grain production stood
at 252.23 million tonnes in 2015-16,
and has a record production of 271.98
million tonnes in 2016—17.> India’s
horticulture output—comprising
fruits and vegetables, floriculture,
honey, plantation crops, medicinal
plants, and spices—was around 283.4
million tonnes in 2015-16, surpass-
ing food grains and making India
the second largest fruit and vegetable
producer in the world. India is also
the world’s largest producer of milk
(155.5 million tonnes in 2015—16) and
second largest producer of sugar, and
the leading country in coconut pro-
duction per government estimates.
In 2016—17, after two successive years
of sub-par monsoons, the growth of
agriculture and allied sectors in India
improved significantly (Figure 1).
This growth is being primarily driven
by the livestock and fisheries sectors,
contributing to the diversification of
the production basket towards high-
value foods. Although fluctuating,
the agricultural growth rate over the
years reflects the increasing resilience
of the sector to natural shocks and
market volatility, an increase that also
demonstrates the impact of favour-
able investments, technology up-
take, and strategic policy efforts.
India’s population has nearly dou-
bled since the 1970s; it is currently
estimated at over 1.2 billion and is
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Figure 1: Growth rate of gross value added in agriculture and allied sectors,

2011-12 base prices

Percentage change year on year

2012-132 2013-142

Source: Government of India, 2017b; 2017c.

2014-15b

2015-160 2016-17¢

Note: Data are government estimates: @ second revised estimate; b first advance estimate; Cfirst revised estimate.

growing at 1.4% annually, putting
pressure on natural resources such as
land and water to produce enough
food. Moreover, with rising incomes,
astructural change in the dietary pat-
terns of an average Indian is diversi-
fying the country’s food demand to
include high-value foods. According
to the National Sample Survey esti-
mates for 2011-12, although cereals
account for 26% (20%) of the total
food consumption expenditure in
rural (urban) India, high-value foods
(milk, meat, eggs, fish, fruits, and
vegetables) account for 42% (46%) in
rural (urban) India.*

Sustaining food security in India
holds a larger implication for global
markets.® India’s agricultural export
value growth rate was the highest in
the world for the decade ending 2013
(Figure 2), at 21.3%—more than the
average annual percent increase in
agricultural export value in coun-
tries such as Indonesia (17.6%), Brazil
(14.9%), and China (11.8%).°

To respond successfully to the
growing food demand both domesti-
cally and globally, India will have to

produce more. Yields of major crops
are low in India compared with those
in other countries. For instance, the
rice yield in India is 2.6 tonnes per
hectare—far lower than the 4.7 in
China, 3.7 in Brazil, 5.9 in the United
States of America (USA), or 9.5 in
Australia; that of wheat is 3.0 tonnes
per hectare in India, 5.3 in China,
and 3.1 in the USA; and the maize
and soybean yields are 2.5 and 0.75
tonnes per hectare in India compared
with 5.9 and 1.8 tonnes, respectively,
in China

Leveraging technology to achieve
higher and sustainable agricultural
growth is not novel for farmers and
other relevant stakeholders in India.
Noteworthy are the green revolu-
tion (1966—67), the white revolution
(1970-96), and the gene revolution
(in cotton) in early 2000. The green
revolution, which relied on extensive
cultivation of high-yielding varieties
of wheat, led to a fivefold increase
in production and, as a result, also
led to rising farmers’ incomes.” The
three decades from 1973 to 1999 can
be regarded as the highlight in the

timeline of agriculture productivity
in India, when the food grain produc-
tion nearly doubled.” It is interesting
to note that the increase in production
was more a result of an increase in the
yield rather than an expansion of cul-
tivated area. Similarly, the white rev-
olution led to record milk production
in India and enabled higher returns
for dairy farmers. It established a
national milk grid and introduced
the crossbreeding of indigenous cows
with high-milk-yielding European
breeds, pasteurization of milk for
long-duration storage, and refriger-
ated transport systems to distribute
milk across the country. During the
same period, agriculture machines
were introduced on Indian farms;
these primarily consisted of tractors
and seed drills to improve produc-
tivity per unit of land and water.
Following the successful adoption
of Bacillus thuringiensis (Bt) cotton,
India’s cotton production increased
from 14.0 million bales in 2000-01
to 38.6 million bales in 2014-15;
it is estimated to be 35.1 million
bales in 2016-17.

the largest cotton producer in the

India became

world, accounting for 26% of the
global production. Yield levels also
increased from 278 kilograms (kg)
per hectare to 511 kg per hectare to
568 kg per hectare during the above
periods.'” In 2015, India continued to
have the largest area being cultivated
with Bt cotton in the world—11.6
million hectares sowed by 7.7 mil-
lion small farmers and an adoption
rate of 95%. According to estimates,
India enhanced farm income from Bt
cotton by US$18.3 billion between
2002 and 2014 and US$1.6 billion in
2014."

In the wake of concerns that
intensive farming adversely impacts
environmental balance, India will
need to adopt sustainable farming
practices that include employing
efficient irrigation methods with a




simultaneous focus on groundwater
regeneration, monitoring soil degra-
dation, and adopting energy-efticient
production methods. Adopting
advanced technology has helped small
countries, including the Netherlands
and Israel. Notably, these countries,
have augmented the production of
high-value crops through enormous
productivity breakthroughs and,
even more importantly, by ensuring
the optimal utilization of resources
and maintaining the environmental
balance.

Currently technologies that cater
to the optimal utilization of resources
(particularly those that are linked to
natural resource availability and envi-
ronmental impact), effective market
linkages for improved service deliv-
ery, and the discovery of the highest
price possible as observed in the case
of India through the country’s elec-
tronic National Agricultural Market
(e-NAM)—a
unified market platform—have a

technology-driven

brighter future in India. The success
of technology adoption lies in cus-
tomizing to address particular chal-
lenges at the local level, supporting
institutions and policies to create an
enabling ecosystem, and harnessing
the potential of these technologies
to scale and commercialize within a
defined time period.

An emerging ecosystem of digital
technologies in Indian agriculture:

The rise of start-ups and young
entrepreneurial firms

The agriculture sector has attracted
large conglomerates, leading IT
companies, investors, and young
innovators in India; the ecosystem
for technology and digital solutions is
expanding at an impressive pace. The
global market for precision agricul-
ture is expected to grow at an annual
growth rate of 13.09% to reach a mar-
ket size of over US$6.34 billion by

Figure 2: Key agricultural exports from India, US$ billions

US$, billions

B Horticulture & fresh fruits & vegetables
B Processed fruits & vegetables
Animal products

Cereals
Other processed foods

Source: APEDA 2017, statistical data on agricultural exports, available at http://agriexchange.apeda.gov.in/indexp/exportstatement.aspx.

2022."* Although Northern America
will maintain its dominance in the
sector, the fastest growth is projected
for India and China, which are
expected to see an annual growth
rate of 18.29% until 2022."

The agro-tech start-up ecosys-
tem in India has also been receiving
renewed interest from investors, and
an estimated 34 ventures received
US$295 million in investments in
2016 in the country—the highest
investment amount recorded in India
inthe past three years."* In Asia, China
had 10 deals totalling US$427 mil-
lion, while 53 Indian start-ups raised
US$313 million and four Japanese
companies raised US$8.9 million.
The most active geographies—those
countries with the highest number
of agriculture start-ups—remained
consistent year-over-year, with the
USA, India, Canada, the United
Kingdom, Israel, and France remain-

ing the top six by number of deals.”

Among the prominent ventures
backed by large conglomerates in
India is ITC’s e-Choupal, a com-
prehensive digital knowledge hub
for farmers, which has 6,100 instal-
lations covering over 35,000 villages
and serving over 4 million farmers.'
Launched in 2000, the first-of-its-
kind initiative not only benefited the
farmers doing business through their
network, but this model also led to
a ripple effect on the public sector—
managed food grain management
systems that resulted in an upgrade.

Mahindra & Mahindra (M&M),
one of India’s leading producers of
tractors and farm equipment, is inno-
vating alongside expanding its core
business. M&M’s Trringo, a mobile-
based app enabling farmers to rent
tractors, is a unique example of lever-
aging technology to help farmers use
machinery without having to make
the large investment (US$7,500) of
buying tractors.”” Through Trringo,

5: Digital Technologies Transforming Indian Agriculture

THE GLOBAL INNOVATION INDEX 2017



5: Digital Technologies Transforming Indian Agriculture

THE GLOBAL INNOVATION INDEX 2017

the farmers benefit from available lat-
est machines, freeing labour as well
as raising productivity and product
quality. In addition, the farmers are
required to pay only for the services
they use without locking any money
in as capital. This is particularly revo-
lutionary in a country such as India,
where agriculture is characterized
by smallholders (who operate on less
than 2 hectares of land) and who are
often resource poor and lack access to
formal channels of credit. The ‘uber-
ization’ of tractors and farm machines
(as some have coined it—a concept
similar to uber taxis, which is a plat-
form aggregating demand and supply
of taxi services and connecting both
through a mobile app) has the poten-
tial to fast-track farm mechanization
and take it to regions within India
where farm sizes are really small, yet
abundant in water and exhibit suit-
able soil and climate conditions that
could produce much more than their
current output.

Tata
Consultancy Services (TCS), India’s

In another example,
leading IT firm, offers personalized
advisory services in voice and visual
formats using communication devices
such as mobile phones through its
mKRISHI platform. The grow-
ing penetration of mobile phones
in rural regions of India is driving
the development of several mobile-
based applications by government
departments, entrepreneurs, and the
private sector.”® The rural subscriber
base in India for mobile services has
been growing at steady pace, reach-
ing approximately 342 million sub-
scribers in 2012—13, 378 million in
2013-14, and 414 million at the end
of 2014—15."" With easier access to
mobile phones, farmers can connect
with traders and other farmers. Small
farmers can also utilize their mobile
phones to seek information on input
availability or market prices, thereby
reducing costs—both because they

do not have spend the time needed
to get into town to find this infor-
mation, and because it allows them
to get competing prices and choose
the best one. Other benefits that have
been recorded are improved access
to information about selecting seed
varieties appropriate to a particular
farm; and how to identify best cul-
tivation practices, protect from
weather-related damage, and get a
better handle on plant diseases.”
Digital technology in Indian
agriculture is not about big box solu-
tions only. A large number of young
entrepreneurs have ventured into this
sector to tackle specific challenges.
The technology thrust of these
ventures has been on reducing the
time duration of crop cycles, saving
on water and energy, reducing the
usage of agro-chemicals, automat-
ing for efficient farm management,
strengthening farmer market link-
ages, and improving cold chain logis-
tics for higher value addition.
Examples of these leading start-
ups include Stellapps Technologies,
which is providing dairy farm opti-
mization and monitoring services
with a special focus on small- and
medium-herd farms. Their applica-
tions and tools leverage the Internet
of Things, big data, the cloud,
mobility, and data analytics to
improve milk production, milk pro-
curement, and the cold chain, and to
boost animal insurance and farmer
payments.”’ Ekgaon Technologies,
an IT-based network integrator,
offers a range of services to farm-
ers, rural businesses, and women.
The ekgaon OneVillageOneWorld
Network is leveraging mobile com-
munication technology to encour-
age the sustainable development of
(SHGs)
and small farmers across India. The

women-self-help-groups

platform has over 900,000 women
and 300,000 farmers spread across

villages in India.”?

Drones and robotics are also
increasingly used in Indian agricul-
ture, although the ventures in this
area are still budding and there is a
long way to go before these tech-
nologies are scaled up in any major
way. Agnext, an Indian start-up, has
developed drones among other digi-
tal technologies with the objective
of creating an integrated hyperlocal
farm data collection and crop analyt-
ics platform.

A number of new start-ups are
developing solutions to tackle climate
change challenges. For example,
Skymet Weather Services is involved
in monitoring and predicting weather
and providing agri-risk solutions.*’
Skymet can measure and predict yield
at the village level for any crop with
a high level of accuracy and can also
accurately forecast the weather in
the short, medium, and long term.
Ecozen Solutions has developed state-
of-the-art solar-powered products for
irrigation and cold storage, with the
aim of catering to smallholder farms
and regions with limited or no elec-
tricity.”* Barrix Agro Sciences offers
eco-friendly crop protection meth-
ods that have the potential to mini-
mize a significant proportion of the
damage caused by pests and diseases
without overdosing crops and plants
with chemicals, thus preventing soil
and water contamination.”

There are also ventures that
started out as agri-tech start-ups in
India but, owing to their innova-
tive solutions, are now operating
as medium-scale businesses. EM3
AgriServices, founded in 2014, has
quickly risen to become a pioneer
in the farming-as-a-service (FaaS)
model. EM3’s Samadhan techno kheti
centres offer machines needed to per-
form all critical farm operations on a
pay-for-use basis.>® At their centres,
the organization employs agri-pro-
fessionals who are well versed in the
agronomy of the target area. Another




such noteworthy venture, eKutir
Global, offers an online and mobile-
based platform to connect marginal
farmers with stakeholders across the
value chain such as soil-testing labs,
suppliers of seeds and fertilizers,
banks, exporters, food-processing
units, and branded retailers. Agri
Suite by eKutir offers a one-stop
solution for all the needs of a farmer;
their field partners also train farmers
to use their application.”” Over time,
services that go beyond merely sell-
ing a product but that also provide
training about how to use, maintain,
and repair that product, as well as
supplementary components such as
advisory and marketing services,
have become an increasingly impor-
tant and integral part of any product
offering. Technology is playing an
important role in bringing these ele-
ments together.

Despite the tremendous gains
achieved, the long-term impact of
the earlier technology revolutions
was limited to selected agricultural
pockets in the country, and further
efforts to advance these revolutions
lost momentum over time. In the
context of start-ups, the common
barriers to commercialization and the
scaling up of technology are related
to access to finance, which is in turn
related to operational finance, fund-
ing/capital deficiencies, and cash flow
management; gaps in technology
infrastructure; and issues concerned
with cyber security. Furthermore,
limited access to farmer networks for
effective piloting of the products is
seen to impede the commercializa-
tion plans of start-ups. For innovation
and entrepreneurship to be effective
in transforming agriculture in India,
it will be important to address these
issues and create an enabling envi-
ronment in which they can grow and
flourish. To a large extent, the effort
towards this transformation has been
catalysed by the government’s special

programme on start-ups, Startup
India.”® Moreover, large companies
with knowledge about the diversity
of Indian agriculture could also sup-
port these start-ups by mentoring,
which would help them pilot and
scale up their activities for potential

commercialization.

Policy and institutions: Key enablers for
scaling up digital technologies in India
India’s present public policy with
regard to agriculture is focused on
encouraging innovation and entre-
preneurship, and out-of-box think-
ing towards achieving sustainable
higher growth and income security
in the farm sector. Because more than
50% of the working population is in
agriculture and farm size is shrink-
ing, the per capita output is small.
Thus it is true and desirable that
people move out of agriculture and
bring the current percentage of the
workforce employed in agriculture
from 54.6 % down many fold. New
forms of engagement have emerged
in this sector that could make agri-
culture more remunerative and
exciting for the new generation. The
government—through its flagship
programme Startup India, launched
in 2016—aims to boost start-ups
across sectors by providing hand-
holding services, access to funding,
and incubation. This programme is
of immense significance for the agri-
culture sector. The other flagship
programme—Digital India, which
seeks to empower people through
access to digital technology riding
an increasingly robust infrastructure
and service platform—has equally
immense potential to positively
impact agriculture. The govern-
ment has also launched the Custom
Hiring Centre, a rental model for
using tractors and other farm equip-
ment with the twin objective of
encouraging rural entrepreneurship

and fast-tracking the mechanization
of Indian agriculture.

The budget for 2016-17
announced by the central govern-
ment confirms its commitment
to modernize agriculture systems
in India through a slew of mea-
sures such as setting up a dedicated
micro-irrigation fund, establishing
new mini labs in the Krishi Vigyan
Kendras (KVKs) agricultural exten-
sion centre, ensuring 100% coverage
of all 648 KVKs in the country for
soil sample testing, and expanding
the coverage of the e-NAM from 250
markets to 585 markets.”

According to the Department
of Industrial Policy and Promotion
(DIPP) of the Ministry of Commerce
and Industry, the Indian agricultural
services and machinery sectors have
cumulatively attracted foreign direct
investment equity inflow of about
US$2,278.3 million from April
2000 to March 2016.>° This reveals
the trend of global and domestic part-
nerships being forged across the value
chain to keep agriculture on a path
of fast-track growth. Some notable
developments include the launch of
an Agritech laboratory with a focus
on agri-biotech in Hyderabad by the
Intertek Group, a UK-based total
quality assurance provider; Mahindra
and Mahindra Ltd acquisition of
a 35% stake in a Finnish combine
harvesters manufacturer, Sampo
Roselnew Oy; ICRISAT’s plan to set
up a Rs.100 crore (US$14.67 million)
fund in a year to help small entre-
preneurs in the agribusiness space;
and the Indian Farmers Fertiliser
Cooperative (IFFCO)’s joint venture
with Japanese firm Mitsubishi Corp
for manufacturing agrochemicals in
India.

Conclusions
A successful future growth strategy
for agriculture will need to perceive
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agriculture as a business enterprise
involving constant innovation and
catering to dynamic market demand.
Although agricultural technologies
are fast evolving in India and a mix of’
business models are driving the eco-
system, there is a need to design the
pathway to successful commercializa-
tion and to scale it up by utilizing the
right incentives and policy support.
Technology will continue to play an
important role while the dynamics
of the agriculture sector changes and
produces new challenges. With the
private sector playing an increas-
ingly important role in investments,
operations, and expertise, agriculture
will gain immensely as the public
sector catalyses these efforts. The
IT revolution in India was brought
forward by the private sector, with
the public sector creating an enabling
environment.

Uptake of technologies at market
prices in a sector that has tradition-
ally been heavily subsidized remains
challenging, but farmers are prompt
to identify what works in their inter-
est and are ready to pay for it. Digital
technologies offer the potential to
achieve the necessary conditions
for scale, with distributed low cost
and customized delivery, creating
a unique opportunity for private
enterprise and innovation to thrive.
The challenge before India lies in
balancing high growth with inclu-
sive growth; leveraging technology
to achieve these twin goals will be a
fascinating journey to track.

A developed agriculture system
is based on three key pillars: knowl-
edge, infrastructure, and a robust
delivery mechanism. Supporting the
research and development ecosystem
in agriculture directly contributes
to creating knowledge and prepar-
ing for the future. To strengthen the
supporting framework for growth, it
will be important to focus on creat-

ing new physical markets, improving

storage and transport facilities, mak-
ing better roads, and ensuring a con-
tinued electricity and water supply.
These system components also facili-
tate efficient mechanisms for deliv-
ery and the monitoring of relevant
government schemes and extension
services that will accelerate the pace
of development. The public policy
regime in India has been supporting
technology-led agricultural growth
and has been increasingly developing
new institutions to ease access and
affordability of technology adoption

among farmers.

Notes
1 IBEF, 2017.

2 Emerick et al, 2016.
3 Government of India, 2017a.
4 Government of India, 2013.

5 IfIndia has to depend on imports, it will
be difficult to supply enough because the
volume of the need is so high. If India is
able to grow more than it needs, it can be
a global exporter. Both import and export
impact price in different ways.

6 USDA-FAS, 2014.
7 OECD, 2017.
8 Dastagiri et al, 2014.
9  Government of India, 2017d.
10 The Cotton Corporation of India Ltd, 2017.
11 ISAAA, 2015.
12 BIS Research 2015.
13 Tech Mahindra, No date.
14 Shashwati, 2017.
15 Agfunder, 2017.

16 Information on ITC's e-Choupal is available at
http://www.itcportal.com/businesses/agri-
business/agri-commodities-and-rural-services.
aspx, accessed 11 February 2017.

17 Information on M&W's Trringo comes from
https://www.trringo.com/about-us/, accessed
11 February 2017.

18  For more information about TATA
Consultancy Services, see https://www.tcs.
com/.

19 TRAI, various issues.
20  Mittal and Mehar, 2013.

21 This information on Stellapps comes from
http//www.stellapps.com/index.php/about-
stellapps/, accessed 11 February 2017.

22 Information about ekgaon and its
OneVillageOneWorld Network can be
found at http://ekgaon.co.in/ekg/index.php,
accessed 11 February 2017.

23 Information about Skymet Weather Services
comes from http://www.skymetweather.
com/, accessed 11 February 2017.

24 Information about Ecozen Solutions can be
found at http://www.ecozensolutions.com/
about-us, accessed 11 February 2017.

25 Information about Barrix Agro Sciences can
be found at http://www.barrix.in/About-Us,
accessed 11 February 2017.

26 Information about EM3 AgriServices is
available at http://www.em3agri.com/,
accessed 11 February 2017.

27 Information about eKutir Global is available
at http://www.ekutirsb.com/, accessed 11
February 2017.

28  Information about Startup India is available at
http://www startupindia.gov.in/.

29  Key features of the budget can be found
at the Government of India’s Union Budget
2017-18, available at http://indiabudget.nic.
in/ub2017-18/bh/bh1.pdf.

30 GBVY,2017.
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CHAPTER 6

Innovations in Food Distribution: Food Value Chain Transformations in
Developing Countries and their Implications for Nutrition

MigueL . Gomez and KATIE D. RIcKETTS, Charles H. Dyson School of Applied Economics and Management, Cornell SC Johnson College of Business, Cornell University

Millions of individuals are affected by
malnutrition globally. Malnutrition
in developing countries is charac-
terized as a triple burden,' which
includes undernourishment (insuf-
ficient calorie and protein intake),
micronutrient malnutrition (hidden
hunger), and over-nutrition (excess
calories leading to overweight and
obesity). In 2010, undernourishment
and micronutrient malnutrition
affected about 900 million and 2
billion people, respectively, in devel-
oping countries.”> Meanwhile, over-
nutrition—reflected in escalating
overweight and obesity rates along
with higher incidence of chronic
diseases such as diabetes—continues
to expand in developing countries.’
The causes of this triple burden are
multiple, but the availability, variety,
and composition of foods that make
up peoples’ diets play a major role.
This chapter explains how food
value chain (FVC) innovations in
recent years are influencing the triple
burden of malnutrition in developing
countries. These chains are chang-
ing fast as a result of population and
income growth; technological prog-
ress in food production and distribu-
tions; urbanization; and the expansion
of modern food retailing, distribu-
tion, and wholesaling firms.* As a
result, today’s developing-country
FVCs exhibit great diversity, because
modern food sector firms either
establish their own food chains or

Figure 1: Developing-country food systems: Key differences between 1980 and 2010

In1980...

Urban population: 26%

Small number of
international food aid

After2010...

Urban population: 48%

recipients, primarily in

rural areas

Rural population: 74%

Share of labour in agriculture: 69%

Source: Based on Gémez etal., 2013.

115 million people are
beneficiaries, primarily
from domestic food
assistance programmes
in urban and rural
areas; still, this is a very
small proportion of the
total food system

Urban population: 52%

Share of labour in agriculture: 46%

Note: The trend of people moving to urban areas and working in less physically demanding jobs continues in 2017. Updated data would show an even higher

percentage of urban dwellers and beneficiaries of food assistance programmes.

interact with traditional FVC actors,
such as smallholder farmers and trad-
ers, wet markets (which sell fresh
meat and produce), corner stores,
and street vendors. A deeper under-
standing of the drivers of emerging
FVC arrangements, the interactions
of businesses that participate in them,
the products offered, and the markets
targeted can provide valuable insights

into strategies to curb malnutrition.

Food system transformation

Figure 1 highlights key differences
between a representative food sys-
tem in 1980 and 2010.° In 1980,

about 74% of people in low- and
middle-income countries resided in
rural areas. The share of food sold in
local rural wet markets and grown
for household consumption was rela-
tively high, while the share sold in
supermarkets out of total food con-
sumed was very small.® In the same
year, the share of low- and middle-
income countries’ total labour force
in agriculture was approximately
69%;” these workers expended con-
siderable energy in manual labour. In
addition, domestic public food-based
safety nets to provide food assistance
to those missed by the commercial
sector were practically non-existent

This chapter is based on the article by M. I. Gomez and K. D. Ricketts, 'Food Value Chain Transformations in Developing Countries: Selected Hypotheses on Nutritional

Implications’ Food Policy 42 (2013): 139-50.
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Table 1: Food value chain typologies and their influence on nutrition

Type Participants Implications for food access Nutritional impacts

Traditional Traditional traders buy primar-  « Affordability: A local clearing-house for products, ¢ Traditional FVCs help reduce micronutrient
ily from smallholder farmers with flexible prices, product volumes, and quality deficiencies and undernourishment by offering
and sell to consumers and standards. low-priced fruits, vegetables, livestock products,
traders in wet, mostly local, +  Availability: Food hub for consumers and local anfj staples, particularly in rural areas and in poor
markets. . neighbourhoods of urban areas.

‘mom and pop’stores to access directly from trad-

ers and smallholder farmers; market offerings are + Production seasonality, combined with lack of

highly dependent on production seasonality. post-harvest and distribution infrastructure,
increase FVC intermediation costs and limit the
ability of traditional FVCs to reduce micronutrient
deficiencies and undernourishment.

Modern Domestic and multinational * Affordability: Economies of scale enable the pro-  + Modern FVCs may contribute to alleviate micronu-
food manufacturers procure duction, marketing, and distribution of packaged/ trient deficiencies by offering a wide assortment
primarily from commercial processed foods at low per-unit prices. of products year round, but supermarkets’ physical
farms and sell through modern +  Availability: Modern supermarkets provide year \oca.tionls and c.qu.ath standards may imply higher
supermarket outlets. ) o retail prices, missing the poor.

round, wide product assortment, primarily in

urban areas; supermarkets are successfully expand- + Modern FVCs may contribute to obesity/over-

ing the market for processed and packaged foods. weight malnutrition by expanding the reach of
inexpensive, calorie-dense processed/packaged
foods, primarily in urban areas.

Modern-to- Domestic and multina- * Affordability: Food manufacturers benefit from + Expansion of processed/packaged foods into

traditional tional food manufacturers economies of scale to connect with traditional isolated, rural regions may alleviate undernourish-

sell through the network of
traditional traders and retailers
(e.g., mom and pop stores).

distributors and retailers, offering low-priced pro-
cessed foods to reach low-income consumers.

¢ Availability: By linking with traditional retailers,

food manufacturers develop intense distribution
strategies in urban areas and in rural, isolated
markets.

ment, but it can result in over-nutrition among
urban consumers.

Food fortification initiatives focusing on modern-
to-traditional FVCs may help reduce micronutrient
malnutrition.

Traditional-to-  Supermarkets and food

modern manufacturers source food
from smallholder farmers and

traders.

Affordability: Increased income opportunities
in high-value crop and livestock production for
smallholder farmers and traders can expand food
budgets because most are net food buyers.

Availability: Increased production and crop
diversification may increase food available for local
consumption.

Traditional-to-modern FVCs may reduce micro-
nutrient deficiencies and undernourishment of
smallholder farmers and traders through higher
incomes leading to diet diversification.

Opportunities for smallholder farmers and traders
to benefit directly from participation appear lim-
ited and may miss asset-poor farmers; substantial
benefits are generated through off-farm employ-
ment opportunities.

Source: Gomez and Ricketts, 2013.

in developing countries, other than
those programmes supported by for-
eign food aid shipments from high-
income countries.®
Developing-country food sys-
tems became dramatically different
by 2010. A larger portion of people in
developing countries lived in urban
areas by then and depended on com-
mercial FVCs to deliver their food,
while they typically worked in less
physically demanding jobs than agri-
culture, expending far fewer calories
in daily labour. In 2011, only about
52%otlow-andmiddle-income coun-
try people resided in rural areas and

the share of agricultural labour had
fallen to about 46%.” Thus the share
of food sold in local rural markets and
grown for household consumption
after 2010 was significantly smaller
than it was in 1980. The percentage
of people residing in rural areas and
the share of agriculture in total labour
continue falling today. Meanwhile,
modern food retail and wholesale
and the foreign direct investment
of global food manufacturers have
expanded rapidly.'” Another key
feature of today’s food systems is
that many developing countries
are establishing food-based safety

nets—food assistance programmes’
(FAPs)—for those individuals who
are at risk of experiencing macronu-
trient and micronutrient deficiencies.
The World Bank (2013) estimates
that, on average, nearly 115 million
people benefited annually from safety
nets in developing countries during
2011-14.

Emerging food value chain typologies:
Implications for nutrition

Table 1 offers a typology that assigns
FVCs into four broad categories to
reflect ongoing FVC transformations




indeveloping countries. Foreach FVC
category, the table describes its pri-
mary characteristics and participants,
explains the essential mechanisms
affecting food access (availability and
affordability), and describes its impact
on elements of the triple malnutrition
burden. The typology recognizes the
existence of a modern sector (e.g.,
large commercial farms, agribusi-
nesses, multinational food manufac-
turers, and modern supermarkets), a
traditional sector (e.g., smallholder
farmers and traders, wet markets,
and ‘mom and pop’ stores), and the
interaction between modern and
traditional actors at different FVC
stages. A discussion of the implica-
tions of each FVC type on nutrition
follows.

Traditional food value chains

Consumers in traditional FVCs fol-
low long-established patterns and
most often purchase food directly
from smallholder farmers and traders
inregional/local wet markets, or from
a network of traditional retailers that
includes independently owned mom
and pop corner stores, street vendors,
or roadside stands.!" Wet markets,
in turn, can include large, regional
markets that function like distribu-
tion hubs, or smaller, local, weekly
markets with more limited product
assortment. Product availability in
these FVCs tends to be seasonal.
Traditional FVCs are common in
small rural markets located relatively
close to production regions. Products
delivered by traditional FVCs travel
longer distances to reach urban con-
sumers, primarily in lower-income
neighbourhoods."”

Despite the expansion of modern
supermarketsandfoodmanufacturers,
evidence suggests that food categories
that are important sources of micro-
nutrients continue to be accessed pri-
marily through traditional FVCs in
developing countries."” For example,

over 90% of all fruits and vegetables
are purchased in traditional FVC
retail outlets in Kenya, Nicaragua,
and Zambia,'* and 90% of households
in Ethiopia buy their beef through a
local butcher in wet markets.'” These
large market shares are mainly the
result of three advantages accruing
to traditional FVCs, particularly with
respect to perishable products: (1)
their ability to offer products at low
prices, (2) their considerable flexibil-
ity in product quality standards, and
(3) their convenience for consumers
as a result of their flexible retail mar-
ket locations.'

Food products rich in micronu-
trients (e.g., fruits and vegetables)
and staple foods rich in calories
(e.g., pulses, grains) tend to be more
affordable in traditional FVCs than
in modern supermarkets. These mar-
keting channels often deliver nutri-
tional benefits to rural residents who
are largely missed by modern FVCs.
Additionally, important nutritional
benefits accrue to low-income people
in urban areas, where traditional
FVC retailers enjoy cost and location
advantages. Moreover, traditional
FVCs offer relatively more flexibility
to target consumers who are willing
to settle for lower food standards.
This is reflected in significant retail
price differences between modern
and traditional FVCs.

Nevertheless, the post-harvest
and  distribution infrastructure
requirements of perishable foods are
more expensive and more techno-
logically advanced than they are for
other food types. Traditional FVC
infrastructure is typically lacking in
developing countries and may imply
higher price variability and limited
year-round availability in traditional
FVCs, imposing higher distribution
costs and high post-harvest losses, as
well as less quantity and lower qual-
ity."” Lack of access to adequate post-
harvest processing and distribution

infrastructure may limit the ability
of traditional FVCs to contribute to
year-round availability of micronu-
trient-rich foods, resulting in high
intermediation costs that may offset,
to some extent, the cost advantages

in retailing.

Modern food value chains

These FVCs are largely driven by
the expansion of modern retail
enterprises in developing countries,
primarily in urban areas with a
large consumer base. They generally
involve domestic and multinational
food manufacturers and wholesalers,
as well as commercial agribusinesses
and farms." In general, modern FVC
participants coordinate the supply
chain through formal, well-docu-
mented contractual arrangements
that feature predetermined product
standards, volume requirements,
and purchase prices.”” Such tight
coordination, together with access
to a network of global and domestic
suppliers, allows modern FVCs to
offer a wide year-round assortment
of fresh and processed/packaged food
products. These chains also gener-
ally benefit from economies of size
in the production, marketing, and
distribution of shelf-stable packaged/
processed foods.

Modern FVCs are changing the
dietary landscape in the developing
world. Overall, research suggests that
modern FVCs help alleviate micro-
nutrient deficiencies by offering a
wide assortment of products year
round fora diverse diet, but often only
for urban households with relatively
high incomes.”® Higher retail prices
of foods rich in micronutrients (pro-
duce, dairy products, meats) resulting
from stricter product standards may
limit the ability of lower-income
consumers to afford a diet with an
adequate micronutrient intake.”'

A number of studies suggest that
the expansion of modern FVCs is
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associated with an increased market
for processed/packaged foods, with
at least two implications for nutri-
tion.” First, modern FVCs may be
contributing to obesity/overweight
malnutrition by expanding the reach
of inexpensive, calorie-dense pro-
cessed/packaged foods, primarily in
urban areas. There is evidence that
dietary changes in developing coun-
tries, along with other factors (e.g.,
change 1n lifestyles, reduced manual
labour), are associated with the
emergent global epidemic of obesity,
particularly among younger people.”
Although there are no studies show-
ing causality between the expansion
of processed/packaged food catego-
ries and obesity, it is plausible that
this is a primary contributing factor
driving the increase in the number
of overweight and obese people in
developing countries. Second, there
may be demand substitution effects,
such that low-priced packaged/pro-
cessed foods substitute for fresh pro-
duce and livestock products, further

worsening nutritional outcomes.

Modern-to-traditional food value chains

These FVCs consist of food manu-
facturers utilizing traditional whole-
sale and retail networks to market
primarily processed/packaged
foods. Two key characteristics of
these FVCs are that food manufac-
turers often benefit from economies
of scale in production and distribu-
tion, and from an increased ability to
coordinate the downstream supply
chain (as opposed to having to nego-
tiate with large, powerful super-
markets). These two characteristics
allow modern-to-traditional FVCs
to implement intensive, year-round
distribution strategies for processed/
packaged foods, targeting lower-
income consumers in urban areas
as well as consumers who get their
food from smaller, remote markets

in rural areas.

The market for processed/pack-
aged foods has been growing sub-
stantially more quickly in developing
countries than in their developed
counterparts.”* Much of this growth
isbeing fuelled by food manufacturers
selling products through traditional
FVC retailers in urban and rural
areas. For example, in India, small
independent grocers (‘kirana’ stores)
are ubiquitous in urban and rural
areas and represented over 53% of
processed/packaged food retail sales
in that country in 2010.** Similarly
in Brazil, small corner stores (called
‘mercadinhos’) represented over 21%
of processed/packaged food retailing
in 2010.2

Moreover, processed/packaged
foods sold through modern-to-
traditional FVCs may help alleviate
(and prevent) undernourishment in
remote rural areas. These products
can be made available to consumers
year round at stable prices in remote
rural areas, which often experience
high food price variability as a result
of production seasonality and produc-
tion risk (e.g., adverse weather during
the cropping cycle). The influence of
modern-to-traditional FVCs on the
nutrition of urban consumers with
relatively low incomes appears to be
negative because, similar to the case
of modern FVCs, the ongoing mar-
ket expansion of processed/packaged
foods through modern-to-traditional
FVCs may be associated with excess
weight and obesity, mirroring long-
established over-nutrition trends in
developed countries.””

Although expanded sales of pro-
cessed/packaged foods may be asso-
ciated with over-nutrition in urban
areas, fortification of these foods
may provide an avenue for alleviat-
ing micronutrient deficiencies with
modern-to-traditional FVCs. The
‘World Economic Forum (2009) sug-
gests that innovative public-private

partnerships can create incentives to

develop business models targeting
micronutrient concerns among the
poor. These partnerships are being
established at three distinct levels:

1. Investing in new product develop-
ment of fortified foods—for ex-
ample, nutritious yogurt forti-
fied with essential micronutri-
ents is distributed by Grameen-
Ladies at affordable prices to ad-
dress vitamin A deficiency in
Bangladesh and elsewhere in
South Asia, where over 8 million
children are affected.”

2. Expanding distribution networks
for existing fortified foods—tor ex-
ample, in Mozambique, the
National Committee for Food
Fortification is a government-
food industry partnership aim-
ing at expanding distribution of
fortified products such as veg-
etable oil with vitamin A, and
wheat flour with zinc, iron,
B-complex vitamins, and fo-

lic acid >

3. Strengthening consumer demand for
micronutrient-rich processed/pack-
aged foods—examples of public-
private collaborations expand-
ing education and distribution of
fortified foods include a partner-
ship between GAIN and nutri-
tion/supplement companies such
as Herbalife.”

These private-public partnerships
necessarily include the network of
traditional FVC retailers and traders
because these entities offer the pri-
mary point of sales employed by the
poor to access food.

Increasing business partnerships
betweenlarge food manufacturersand
traditional retailers is (and will con-
tinue) expanding the affordability and
availability of processed/packaged
foods in developing countries. These
products are often rich in calories but

poor in important micronutrients.




Modern-to-traditional FVCs may
have a mixed influence on nutrition,
depending on the population seg-
ment targeted. For example, they can
assist in efforts to prevent or at least
reduce undernourishment in some
rural, remote areas, but they can also
create problems associated with over-
nutrition in urban areas for patrons
of traditional FVC retail outlets.
There is substantial enthusiasm for
public-private partnerships that link
food manufacturers to the network
of traditional retailers to alleviate
micronutrient deficiencies through
fortification.

Traditional-to-modern food value chains
These chains are characterized by
smallholder farmers and traders sell-
ing primarily high-value crop and
livestock products (e.g., meats, dairy
products, fruits, and vegetables) to
modern supermarkets and food man-
ufacturers. These FVCs are interest-
ing primarily for their impacts on the
nutrition of smallholder farmers and
traders, not of end consumers. The
impacts come from higher-income
opportunities, which may involve
selling products to supermarket sup-
ply chains directly; or indirectly,
through off-farm employment in
food production and post-harvest
activities. Here we focus on partici-
pation in domestic markets because
developing-country FVCs are pri-
marily domestically oriented,”" and
also focus on nutritional implications
for smallholder farmers and traders in
rural areas because most of them are
net food buyers.*?

Farmers who participate in
supermarket supply chains enjoy
higher income opportunities, even
when facing strict product safety
and product standards established by
supermarkets.’* Nevertheless, these
benefits may reach only farmers with
advantageous endowments and edu-
cation.” Furthermore, recent studies

suggest that the poorest farmers and
traders may benefit indirectly by link-
ing with modern FVCs though the
labour market markets—for example,
off-farm employment in commercial
agriculture and post-harvest process-
ing.’® There is evidence of a positive
smallholder

farmer and trader participation in

correlation between

traditional-to-modern FVCs and
reduction in undernourishment.””
Most of these benefits appear to
occur indirectly, particularly for the
poorest farmers, in the form of off-
farm employment opportunities in
commercial farms and post-harvest

businesses.

Conclusions

FVCs in developing countries have
changed dramatically in recent years,
driven primarily by the expansion
of modern food manufacturers,
wholesalers, and retailers, which
coexist and interact with traditional
FVC actors. These FVCs are chang-
ing in ways that have no precedent
in developed countries, where the
transition occurred gradually, over
a longer period of time. The FVC
typology discussed here sheds light
on how the relationships among
participating business, the types of
products offered, and the needs of
the consumer targeted are all affect-
ing the triple malnutrition burden
(undernourishment, micronutrient
deficiencies, and over-nutrition) in
the developing world.

Drawing general conclusions
about the impact of emerging value
chains on nutrition is far from simple.
Traditional FVCs, for example, tend
to facilitate access to micronutrient-
rich foods (e.g., fruits and vegetables)
for urban low-income people and
most rural residents. Nevertheless,
lack of post-harvest and distribution
infrastructure may limit the abil-
ity of traditional FVCs to assist in

micronutrient deficiency reduction
year round, and may result in higher
intermediation costsaffectingthe food
prices and demand for low-income
consumers. Given that micronutrient
deficiencies affect more people today,
interventions to boost the efficiency
of traditional FVCs can be effective
in iImproving access to micronutri-
ents, particularly among urban and
rural poor people. Modern FVCs,
for their part, may simultaneously
promote over-nutrition and reduce
micronutrient deficiencies among
urban emerging middle- and high-
income individuals. Nevertheless,
these effects may be nonexistent for
the urban poor and rural residents
because these markets are missed by
the modern supermarket.

The interactions between tradi-
tional and modern FVC participants
in developing countries are extremely
important, highlighting the need for
a more nuanced view of the links
between nutrition and food value
chains. In particular, intensive pro-
cessed/packaged food distribution
strategies promoted by modern food
manufacturers linking to traditional
retailers may contribute to over-
nutrition in urban areas, but may
prevent or reduce undernourishment
in remote rural areas. In addition, the
distribution networks established in
these chains may offer opportunities
to form partnerships between gov-
ernments and private businesses to use
food fortification to reduce micronu-
trient deficiencies targeting specific
regions where this malnutrition prob-
lem is prevalent. Regarding efforts to
link smallholder farmers and traders
to the modern sector, the evidence
suggests that important nutritional
benefits may occur through elevated
incomes, and primarily generated by
off-farm employment in farm and
post-harvest activities—as opposed
to direct selling.
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Developing-country FVCs will
continue evolving with the expan-
sion of the modern sector and the
adoption of innovative food distri-
bution and retailing technologies.
This ongoing transformation will
play a key role in global initiatives to
alleviate the triple burden of malnu-
trition. Future research should shed
light on how these FVC transforma-
tions can be leveraged by private
firms and governments to reduce
micronutrient deficiencies, alleviate
undernourishment, and control the
so-called over-nutrition epidemic. In
addition, very little is known about
demand substitution effects among
process/packaged foods, staples, fruits
and vegetables, and livestock prod-
ucts and how consumers respond to
changes in the relative prices of these
product categories. This should be a
priority for future research. Finally,
future work examining individual-
or household-level consumption
patterns over time can illuminate
ways that changes in product assort-
ments offered to end consumers affect

malnutrition.
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CHAPTER 7

Policies and Institutions Fostering Innovation and Agriculture Technologies

in Brazil

RoBsoN BRAGA DE ANDRADE, National Industry Confederation (CNI), Social Services for the Industry (SESI), and the Brazilian National Service for Industrial Training (SENAI)

GUILHERME AFIF DOMINGOS, Brazilian Micro and Small Business Support Service (Sebrae)

Compared with other developing
countries, Brazil has a relatively well-
developed innovation system and a
favourable scientific infrastructure. It
has several universities well placed in
the world rankings, a growing role in
world knowledge production, and a
diversified economic structure.
However, from the point of
view of the National Industry
(CNI) and the

Brazilian Micro and Small Business

Confederation

Support Service (Sebrae), the coun-
try still faces many challenges in
fostering science and technology and
in creating an environment more
suitable for innovation. Perhaps the
most successful example in Brazil of
how policies and institutions can fos-
ter science and innovation oriented
towards society’s major goals is in the
agricultural sector.

This chapter first aims to describe
of the

Brazilian innovation system and poli-

the main characteristics

cies. Second, it provides evidence of
the growing participation of a differ-
ent set of agents in the country’s inno-
vation system. Finally, it depicts the
country’s agriculture research system
and outlines improvements needed to
address new technological challenges
in agriculture and food production.

Brazil’s innovation policies and
institutions: The current scenario

Over the last 15 to 20 years, Brazil has
greatly improved the policies that are
intended to foster innovation. Indeed,

the country has implemented a series
of measures and policies to reinforce
its innovation capacity. Among the
new policies are research and devel-
opment (R&D) tax incentives and
subsidized credit for innovation, as
well as some regulatory measures that
ease the university-enterprise rela-
tionship. The Brazilian government
also substantially increased public
R&D expenditures, at least until the
recent fiscal crisis in 2014.

Zuniga et al. have systematized
the main public policies and instru-
ments that currently exist in Brazil to
support innovation (Table 1) as well
as the estimated amount of money
invested through these instruments
in 2012." Some of the funding sources
for innovation indicated in the table,
such as the mandatory R&D invest-
ments from companies in regulated
sectors, are not strictly public. These
investments are obligations assumed
by companies in regulated sectors and
are, therefore, private resources.”

According to De Negri, all this
effort in designing new policies builds
a relatively comprehensive picture of’
innovation policies when it comes
to the diversity of instruments. She
explains, ‘Currently, the country can
count on many of the instruments
used in most of the developed world
to foster innovation, such as: 1) sub-
sidized credit; ii) tax incentives; iii)
subventions for companies (grants);
iv) grants for research projects at uni-
versities and research centers, among

others’?

Some recent policies deserve
special mention because of their role
in the country’s innovation system,
specifically in the agriculture sector.
The first relevant attempt to increase
funding to foster innovation in the
country was the creation of Sectoral
Funds. These funds are meant to be
defrayed by taxes or contributions
levied on certain sectors and to sup-
port innovation projects in those
sectors. The first of these funds, cre-
ated in 1999, was the fund for the oil
sector, financed by a share of oil and
gas royalties.

One of the funds, for agribusi-
ness, was created in 2001; it specifi-
cally aims to foster technologies in
areas such as agronomy, veterinary
medicine, biotechnology, economics,
and agricultural sociology. This fund
also intends to promote technological
updates in the agricultural industry
and to stimulate the expansion of
investments in tropical agricultural
biotechnology and in the diffusion
of new technologies. Also created in
2001, the Biotechnology Fund aims
to support technologies, research
infrastructure, and qualification in
the area. Another important sectoral
fund for agriculture in Brazil is the
Energy Fund, which is particularly
concerned with improving energy
efficiency and fostering renewable
energy, such as biofuels.

The innovation law of 2004, in
turn, established the rules of engage-
ment for researchers from public
institutions in research projects with
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Table 1: Primary innovation and S&T policies and instruments in Brazil (main sources of funding for S&T), 2012

Policies and Instruments

Value (Current Reais)

Tax breaks Tax incentives for R&D stipulated by Law No. 11,196/2005 (the good law) 1,476.8
Tax incentives from the Informatics Law (No. 8,248/1991 and No. 10,176/2001) 4,482.2
Other tax incentives for innovation 464.0
TOTAL (Tax Incentives) 6,423.0
Public credit for innovation FINEP 1,800.0
(disbursements)? BNDES 22000
TOTAL (public credit) 4,000.0
Public investments in S&T States (excluding post-graduation) 7,033.7
Federal Government (excluding post-graduation) 18,387.9
TOTAL (excluding post-graduation) 25,421.6
TOTAL (with post-graduation) 40,045.0
Mandatory investments in R&D Electric Sector R&D Program (approximate values) ~300.0
for regulated companies Oil Sector R&D Program 1,226.7
TOTAL 1,526.7

Source: Extracted from Zuniga etal., 2016, Table 1, p. 63.

Data sources: ANEEL (Electricity Regulatory Agency database), available at http://www.aneel.gov.br/?idiomaAtual=1; ANP, 2013; BNDES, 2013; the Ministry of Science, Technology and Innovation (MCTI) database, available at www.mcti.gov.

br/indicadores; and the Brazilian Innovation Agency (FINEP).

Note: a According to Zuniga et al., the value that expresses the subsidized credit for innovation is the total volume of the credit portfolio for innovation at BNDES and FINEP. In other words, this does not represent the implicit costs of such
instruments for the Brazilian government. BNDES = National Bank for Social and Economic Development; FINEP = Brazilian Innovation Agency; S&T = science and technology.

companies, as well as for the com-
mercialization of intellectual prop-
erty derived from these partnerships.
This was a significant improvement
in the regulations concerned with the
interaction between universities and
companies. This law also launched
the possibility of public funds being
given to companies in the form of a
grant for carrying out R&D. Until
the promulgation of this law, there
had been no such possibility in the
Brazilian legal framework.

Finally, the ‘Good Law’ (Lei do
Bem) generated several tax incen-
tives for Brazilian companies in 2005.
When it comes to innovation, one of
the most important of these is the tax
incentives for private investments in
R&D. Before this law there were two
programmes that provided tax breaks
to private companies that invested in
R&D in both industry and agricul-
ture. Those programmes demanded
that, before receiving the incentive,

companies should have their research
projects approved by the Ministry
of Science and Technology. The
bureaucracy involved in this kind of
requirement was responsible for this
earlier incentive never having been
broadly used by Brazilian compa-
nies—either in industry or in agri-
culture. The Good Law, therefore,
expanded the comprehensiveness of
the tax incentives and facilitated its
use for private companies conducting
R&D in the country.

From the regulatory point of
view, several improvements have
been made in Brazilian legislation in
the last decades. These begin with the
Industrial Property law, approved in
1996, and the cultivars protection
law, in 1997. Besides these, a new
law on biodiversity made research
on Brazilian biodiversity easier.
This law entered into force in 2015
and, from this date, research using

Brazilian genetic resources, as well

as the development of products based
on the country’s biodiversity, do not

require prior authorization.

The emerging role of CNI and Sebrae
New
recently emerged as important play-

institutional actors have
ers in the Brazilian debate on innova-
tion and technology. CNI business
leaders created the Entreprencurial
Mobilization for Innovation (MEI)
in 2008. The MEI aims to make
innovation a centre of corporate
strategies and increase the effective-
ness of innovation policies in the
country. This initiative recognizes
that innovation is essential for com-
petitiveness and, therefore, for the
country’s growth and development.
Currently, the MEI has around 200
business leaders as members and
counts on support from government
working in partnership to strengthen

innovation in Brazil.*




Besides
entrepreneurs, the CNI, by means

mobilizing Brazilian

of the Brazilian National Service
for Industrial Training (SENAI),
has also created several new techno-
logical institutes in the country. The
SENAI institutes of innovation were
inspired by the German model of the
Fraunhofer Institutes, and they aim
to increase the productivity and com-
petitiveness of Brazilian industry by
developing innovative solutions for
companies of all sizes.

Until now, 21 different institutes
have been established to conduct
applied R&D, providing technologi-
cal and laboratory support for pro-
totyping and pilot plants, as well as
consultancy work to facilitate tech-
nology transfer to Brazilian compa-
nies. These institutes are spread over
12 different states of the country. For
instance, the Institute of Innovation
in Biotechnology, in Sio Paulo,
develops innovative solutions for
bioengineering focused on areas such
as food processing, chemistry, and
energy, among others. The Institute
for Biomass Innovation, in Trés
Lagoas in the state of Minas Gerais,
offers solutions in biomass processing
for sugar and ethanol producers, pulp
and paper, biofuels and biodiesel, and
the chemical sectors.

Brazil also has an important net-
work of public and private providers
of technology extension services for
small and medium-sized enterprises.
These services include training in
technology and managerial skills, in
the diffusion of information, and in
metrological services.

The most important organization
providing these services and sup-
porting micro and small enterprise
development in Brazil is the Brazilian
Micro and Small Business Support
Service (Sebrae), created in 1972 by
the Brazilian government. Sebrae
became independent, as a private
nonprofit organization, in 1990. It

develops its activities in collaboration
with the public and private sectors
through its National Deliberative
Council, which includes government
institutions, business organizations,
andresearch institutions.” Sebrae offers
several solutions in different areas of
business organization, among them
innovation. Specific programmes to
foster innovation have been created.
One of these is SEBRAETEC,
a programme that allows small
businesses access to technological
and innovation support in order to
improve processes, products, and
services and to introduce innovation
in enterprises and markets in the fol-
lowing areas: quality, productivity,
intellectual property, sustainability,
digital services, and design. Sebrae
pays 70% of the company’s innovation
costs, and the company is responsible
for 30%. Some specific examples of
services covered by SEBRAETEC in
agriculture and food production are:

e genetic selection in the search
for yield increase, because this
diagnoses genetic problems that
affect fertility, diseases, longev-
ity, and quality in milk and ani-

mal farming;

* good agricultural practices and
HACCP (Hazard Analysis &
Critical Control Points) needed
to meet the required standards
for wholesale markets and export
markets for fruits, vegetables,
coffee, honey, distilled bever-
ages (cachaga), and agroindustry

products;

 laboratory analysis for quality
diagnosis and monitoring, such
as water quality parameters for
fish and shrimp farming, micro-
bial standards for milk and for
sugarcane juice (for cachaga pro-

duction), and soil tests;

e technical assistance for several
types of crops; and

e assistance in meeting the
country’s Technical Norms and
Standards.’

Outcomes and challenges

In terms of innovation policies and
the engagement of society in knowl-
edge production, it is possible to
conclude that Brazil has achieved
important advances in the last decade.
One indication of this broader cov-
erage of the policies appears in the
latest Brazilian innovation survey.’
The survey indicates that the share
of innovative companies reporting
having received public support to
innovate has reached about 40%,
compared with around 20% in the
early 2000s.

The framework of Brazilian
innovation policies is broader than it
used to be. When it comes to their
effectiveness, the results are not so
clear. Different researchers in the
country have carried out some studies
to evaluate the effectiveness of several
of these policies.® These evaluations,
however, are not regular and system-
atic and are not frequently used by the
government to redesign the policies.
To some extent Brazilian innovation
policies have been known to inspire
good examples around the world,
although the policy design should
eventually be improved. Some stud-
ies also suggest that some of the poli-
cies adopted are not crowding out but
are instead stimulating private invest-
ment in R&D.” Tax incentives from
The Good Law, for instance, have
been evaluated by several research-
ers.'” The results from these studies,
as well as testimonies from several
Brazilian industrial leaders, suggest
that the effects of this incentive
are relevant for Brazilian industry.
However, several other policies need
much better evaluation.

Indeed, improving the evalua-

tion of innovation policies in Brazil
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Figure 1: Business R&D investments (BERD) as a share of GDP, Brazil and selected

countries (2005, 2008, 2011, and 2014)
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Source: IBGE, 2016; OECD, Innovation in Science, Tewchnology and Industry database, available at http://www.oecd.org/sti/inno/, accessed February 2017.

Note: The European Union member states are Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom.

is crucial, especially in terms of data
transparency and accountability. The
agencies responsible for supporting
innovation should be more commit-
ted to evaluation and to the creation
and disclosure of indicators and data
on the policies. The ministries and
public agencies responsible should
provide incentive for the creation
of some key performance indicators
to evaluate the policies under their
responsibility. Reinforcing transpar-
ency and accountability is, in fact,
the only way to improve the assess-
ment of the results of innovation
policies.

A more in-depth evaluation
could help with an understanding, for
example, why—despite the creation
and consolidation of several pub-
lic policies for innovation—overall
Brazilian performance on several

innovation indicators is still lacking

in efficacy. The country’s position in
the Global Innovation Index (GII)
is not improving over the years. On
the contrary, in 2011, Brazil held 47th
place in the GII rankings; in 2016, the
country ranked 69th."

Figure 1 shows business R&D
investments (BERD) as a share of
GDP. The stability of the Brazil’s per-
formance over the years, especially
after 2008, is evident. Compared to
the performance of most other coun-
tries, the country is clearly lagging
behind.

Why is this happening? Despite
all the efforts that have been made in
terms of public policies, why are the
aggregate results of the country still
weaker than expected? According
to De Negri, part of this can be
explained by the decrease of indus-
try’s share in GDP, since this sector

is responsible for a great share of total

R&D investment in the country."”
There are other relevant constraints,
however, that prevent the Brazilian
economy from becoming more inno-
vative; these constraints equally affect
industry and agriculture.

The first obstacle is a very
bureaucratic and rigid business
environment. One of the indicators
of such an environment is the time
necessary for an entrepreneur to
start a new business: in Brazil, this is
more than 100 days. To answer to the
demands of the market and to create
new products and processes to meet
these demands, agility and flexibility
are crucial. It is not by chance that
the institutional dimension is where
Brazil has the worst GII scores. Even
worse, the indicators on this dimen-
sion show no improvement over the
last few years. That is a serious defi-
ciency for the country, and it is time
to address it.

The second relevant factor hinder-
ing the country’s innovation perfor-
mance is competition and integration
with international markets. To foster
competition, it is important for Brazil
to build an economy that is more
integrated in global value chains and
international markets. The country
needs to foster internationalization—
not only in terms of goods and ser-
vices, but also in terms of knowledge,
ideas, and human capital.

Finally, there is a need for readily
effective and focused public policies.
In spite of the fact that some poli-
cies are relatively well evaluated, the
country still has to make them more
mission-oriented than before. One
of the gaps apparent in the Brazilian
innovation system is the lack of
interaction between universities
and research centres, on one hand,
and companies on the other. It is
necessary to build instruments able
to integrate scientific production,
knowledge, and technologies with
the greater needs of Brazilian society.




In this regard, the innovation system
in Brazil’s agriculture sector is a great
example to follow.

Fostering technologies for agriculture
and food production: The challenges
ahead

In addition to improving the busi-
ness environment and building a
more internationalized economy,
one of the major challenges for
Brazilian innovation policies is their
ability to promote, in a more inten-
sive way, a kind of R&D geared
to the greater needs of Brazilian
society—research that is sometimes
called ‘mission-oriented R&D’. The
agriculture sector in Brazil is one of
the best examples of how to support
mission-oriented R&D.

Throughout its history, Brazil has
established a broad and competitive
R&D system focused on the agricul-
turesector. The National Agricultural
Research System (SNPA), established
in 1992 by ordinance of the Ministry
of Agriculture, Livestock and Food
Supply, has been able to develop
technological innovations that were
critical for agribusiness expansion
in the country. From more resistant
and productive seed varieties to new
cultivation techniques, the technolo-
gies developed by the SNPA made
it possible to grow soybeans in the
Brazilian Cerrado.

The system includes institutions
such as the Brazilian Agriculture
Research Corporation (Embrapa),
the State Agricultural Research
Organizations (OEPAS), universi-
ties, and federal and state research
institutions as well as other orga-
nizations related to agriculture
research. The Agronomic Institute
of Campinas (IAC), for instance,
founded in 1887, is one of the oldest
research institutions in the coun-
try and one of those responsible
for developing several agriculture

technologies. The entire system
comprises a very diverse set of insti-
tutions—each with several different
characteristics and roles—that work
together to sustain a virtuous process
of innovation in agriculture sector.
Embrapa, a public research
institution founded in 1973 under
the stewardship of the Ministry of
Agriculture, Livestock, and Food
Supply, plays a leadership role in this
system. Currently, the institution
counts on a budget of around 3 bil-
lion Brazilian reais (R$) and more
than 9,000 employees. It operates
through 46 decentralized research
units spread out in almost every state
in the country. The research portfolio
of the agency includes projects such as
(1) diagnosing the physical, chemical,
and microbiological quality of soils;
(2) identifying and mapping weeds
resistant to herbicides; (3) using geo-
technologies (such as those that map
rainfall); and (4) conserving plant
growth—promoting microorganisms
by working with biological nitrogen
fixation and other mechanisms.
Embrapa is also known for its
strong use of intellectual property
protection and has served as a model
for other centres on how to manage
technology and technology transfer
to other companies and institutions.
Embrapa’s Technology Transfer
Office staff is recognized as a group
of well-trained and competent pro-
fessionals and Embrapa is among the
top patent applicants in the country.
One of the main advantages of
this system is its proximity and close
relation to farmers, which allows it
to provide them with the necessary
solutions to their problems. It has
proved to be very successful in pro-
viding Brazilian farmers with new
technologies in areas such as genetic
engineering, soil improvement and
correction, plant and animal breed-
ing, livestock technologies, and so

on. HOWCVCI‘, some researchers are

pointing to the risk that the country
will lose technological leadership in
several areas in which it has already
had a strong influence, falling
behind the technological frontier
in agriculture. The main chal-
lenges in this regard are the human
capital and scientific competences in
agriculture research. To overcome
this risk, Bonacelli et al. suggest an
urgent reorientation of policies for
agriculture that takes into account
new technologies and new scientific
competencies."”

This reorientation is even more
important in face of new trends and
challenges in agriculture technolo-
gies. Improvements in agricultural
productivity and sustainability nowa-
days depend much more heavily on
industrial technologies provided by
the agricultural inputs industry than
ever before. The Business Insider
Review,"* for instance, as well as
other technological publications,'
have listed some of the main emerg-
ing agriculture technologies over the
next several years.

Sensors are making farms smarter
and more connected, which enables
real-time traceability as well as the
diagnosis of crop and soil conditions,
and the monitoring of livestock and
farm machinery in real time. Sensors
can be useful in several types of situ-
ations. Collars with chips and bio-
metrics can identify and monitor vital
information about livestock in real
time. Crop sensors could prescribe
the correct amount of fertilizers to
apply to a specific site at a specific
point in time, and this information
could be sent directly to the applica-
tion equipment.

Information technology can con-
nect all the machinery and sensors in
a farm to provide real-time informa-
tion and to adopt the measures neces-
sary to solve several kinds of problem.
The adequate treatment of the vast
amounts of data from crop yields,
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soil-mapping, fertilizer applications,
weather data, machinery, animal
health, and so on can make farms
much more efficient than before.

Precision agriculture will enable
farming management based on
observing all these kinds of data
and providing adequate answers.
Besides that, ‘further understand-
ing of crop variability, geo-located
weather data and precise sensors
should allow improved automated
decision-making and complemen-
tary planting techniques’.'®

The food processing industry
could also benefit greatly from
genetic engineering to create ‘new
strains of food animals and plants in
order to better address biological and

’ 17

physiological needs’.'” Automation
continues to be an important tool for
improving agriculture productivity.
Nowadays automation also implies
using drones, robots, machine learn-
ing, and Internet of Things (IoT)
technologies.

There are several examples of
these technologies that are already
developed or in development in
Brazil. Embrapa, for instance, has
developed the ‘electronic tongue’ (a
conductive and lipid-based sensor for
the taste evaluation of beverages) and
an irrigation sensor that informs the
producer about the need for water in
the soil. The combination of sensors
and information technologies is the
focus of a product developed by a
start-up company that allows con-
sumers to track the origin of meat.
Another Brazilian company is devel-
oping solutions for topography, pest
detection, and cattle counting using
drones.

The fact that most new agriculture
technologies are coming from the
input industry—including machin-
ery, agriculture chemical, animal
genetics, seeds—demonstrates the
enormous challenges faced by the
agricultural research system, both in

Brazil and in general. Although it has
the biggest tropical agriculture indus-
try in the world, until now Brazil has
not been able to take advantage of
this large-scale production to create
a competitive and internationalized
input industry. In fact, despite having
produced several important technol-
ogies for the agriculture sector, there
are few internationally competitive
Brazilian companies in either the
food production chain or in the
agricultural input market. Indeed, in
the list of the major food-processing
companies in the world, there is just
one Brazilian company, which is in
the meat industry. The Brazilian
international presence in the agri-
culture input industry—such as crop
seed/biotech, agricultural chemicals,
animal health and breeding, and farm
machinery industries—is also not as
relevant as it could be given the size
of its agriculture sector.

Moreover, increasing global
market concentration in the agri-
culture input industry—as noted
by the United States Department of
Agriculture (USDA)—implies that
fewer firms are now responsible for
many of the innovations that result in
growth in agriculture productivity.®

Conclusions

For Brazil to play a leading role in
the most important technological
trends in agriculture today, it is vital
that the country place the technolo-
gies of industry and services at the
service of agriculture. Thus, from the
perspective of CNI and Sebrae, some
challenges faced by Brazilian agricul-
ture need much more attention from
public policies and the agriculture
research system. These challenges are
related, among others, to determin-

ing the best way to:

* intensify the adoption of preci-
sion agriculture and zootechnics,
genetics, geo-technology, big

data, robots, drones, and artifi-
cial intelligence;

e increase the use of sustainable

production processes;

* incorporate low-cost technolo-
gies, product innovations, and
business model innovations into

family agriculture; and

e intensify the use of software
and mobile applications to sup-
port business management in the
areas of logistics, farm finance,
traceability, weather informa-
tion, e-commerce, and coopera-

tive organizations’ management.

The
these trends is to make it possible for

challenge presented by

smallholders as well as large farms to
access the new technologies so that
they too can benefit from the promise
of productivity and quality offered
by these innovations. Several of
these technological trends and chal-
lenges also constitute opportunities
for small business, especially in the
service sector. The implications for
the Brazilian innovation system in
agriculture are huge. They demand
a new vision with policies oriented
towards fostering innovation in agri-
culture to prevent the country from
being relegated to only using new
technologies instead of also generat-
ing them.

It is necessary, for instance, that
the government continue to spon-
sor research to develop and deliver
new technologies to Brazilian farms.
To address the challenges above, it
is also necessary to integrate agri-
culture needs with industry and
services inputs. To provide just one
example, the European Union, under
the umbrella of the Horizon 2020, is
sponsoring projects that look at the
feasibility of bringing cost-effective
precision farming tools from the
laboratory to the farm."”




Besides designing more focused
innovation policies, it is vital to solve
some of other challenges mentioned
earlier. Reducing bureaucracy and
improving the business environment
could be an important boost to the
generation of new ideas and the cre-
ation of new businesses that could
take advantage of the huge size of
the Brazilian agriculture market. It
is also imperative to look abroad and
be connected to the main trends in
agriculture research, which implies
modernizing and internationalizing
Brazilian research institutions and

companies.

Notes

1 This table was extracted from Zuniga et al.,
2016, p. 63; it is the only known attempt to
systematize in a single table all the public
policies for innovation in Brazil. Unfortunately,
they have not updated the data.

2 Zunigaetal, 2016.
3 DeNegri, 2015, p. 2.
4 CNJ, 2016.

5 Zunigaetal, 2016.

6  Brazil's technical norms for food and
beverage production are regulated by
ANVISA (Agéncia Nacional de Vigilancia
Sanitéaria).

7 This survey was conducted by the Instituto
Brasileiro de Geografia e Estatistica. See IBGE
2016.

8  Zuniga et al. (2016) mention a few of these
studies. The main institutions producing
evaluation studies in Brazil are the Institute
for Applied Economic Research (IPEA), the
Center for Strategic Studies and Management
(CGEE), and some universities such as
Unicamp.

9 Zunigaetal, 2016.

10 Zuniga et al, 2016.

11 CNI, 2016.

12 De Negri, 2016.

13 Bonacelli etal, 2016.
14 Zappa, 2014.

15 Seealso Leclerc, 2016.
16 Zappa, 2014.

17 Zappa, 2014.

18  Fuglie etal, 2012.

19 For information about the European Union’s
Horizon 2020 programme, see https://
ec.europa.eu/programmes/horizon2020/.
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CHAPTER 8

Mobilizing Science, Technology, and Innovation to Transform Japanese

Agriculture

Yuko HARAYAMA, Council for Science, Technology and Innovation, Cabinet Office of Japan

The agricultural sectorin Japanis cur-
rently undergoing drastic changes. A
comparison of statistical data for the
years 1980 to 2016 shows that gross
agricultural production decreased
from 10.3 trillion yen to 8.8 trillion
yen, agricultural land decreased from
5.46 million hectares (ha) to 4.47 mil-
lion ha, the working population in
the agricultural sector decreased from
6.97 million to 1.92 million, and the
food self-sufficiency rate decreased
from 53% to 39%, indicating a clear
contracting tendency for agriculture
in Japan. Moreover, the total area of
farmland that has been abandoned
because small-scale farmers quit or
did not have a successor has increased
from 123,000 ha to 284,000 ha, and
the average age of farmers has greatly
increased—reaching 66.8 years old in
2016. As a response to these trends,

there has been an accumulation of
agricultural land for specific core
farmers,' a trend that is expected to
continue. Japanese agriculture is thus
drastically changing from small-scale
farming to large-scale farming with
fewer workers. However, complex
farmland structures with numerous
small independent farms still remain
in many places, making the produc-
tivity of agriculture in Japan low
compared with that of other devel-
oped countries.

Japanese agriculture: The current state
and policy objectives

In 2013, the Japanese government
initiated the Japan Revitalization
Strategy, a new growth strategy to
overcome two decades of economic

stagnation since 1990. With regard

Box 1: Key performance indicators for agriculture in the Japan Revitalization Strategy

to agriculture, the government
stated that its objective was to make
agriculture, forestry, and fishery a
growing industry, and it set key per-
formance indicators (KPIs) (Box 1),
such as an increase in the ratio of
farmland used by business farmers
to 80% in the next 10 years (ending
in 2023). In order to achieve this
objective, the government estab-
lished a new organization called the
Public Corporation for Farmland
Consolidation to Core Farmers
through Renting and Subleasing in
2014 (Figure 1). This organization
rents separated small areas of farm-
land or uncultivated land from quit-
ting farmers and consolidates small
areas, if needed, to provide large-
scale farmland for core farmers. In
2015, the farmland area utilized by
core farmers increased by 80,000 ha,

» Increase the ratio of farmland used by
business farmers to 80% in the next 10
years (ending in 2023); this was 48.7% as
of the end of Fiscal Year 2013.

» Reduce the cost of rice production by
business farmers by 40% in the next 10
years (ending in 2023) over the current
national average cost, including through
efforts by industry on aspects of materials
and distribution. The national average
cost of rice production in 2011 was
¥16,001/60 kg.

» Increase the number of corporate
farmers fourfold from the 2010 level to
50,000 in the next 10 years (ending in
2023).In 2010 there were 12,511 farming
corporations.

» Expand the size of the agriculture
sector based on the collaboration of
primary, secondary, and tertiary sectors
of the economy (called the ‘sixth
industrialization of Agriculture, Forestry
and Fisheries’) to ¥10 trillion in 2020.

» With regard to dairy farming, increase

the number of projects to promote
collaboration among the primary,
secondary, and tertiary sectors to 500 by
2020.

Increase the value of exports of
Agricultural, Forestry and Fishery
products and foods to ¥1 trillion before
2020, the initial target year.

Source: Japan Revitalization Strategy, 2013; see
http://www.kantei.go.jp/jp/singi/keizaisaisei/pdf/
en_saikou_jpn_hon.pdf.
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Figure 1: Farmland consolidation through public corporation

Current

Public Corporation for

Farmland Consolidation

Small farmlands (about 3,000 square
metres on average) are separately
accumulated to the core farmers.
Some are abandoned.

to core farmers through

renting and subleasing

Policy-guided

Farmland is consolidated to farms of
about 1 hectare for core famers.

Source: Based on MAFF, with permission, available at http://www.maff.go.jp/j/keiei/koukai/kikou/attach/pdf/index-39.pdf (in Japanese).

Note: Because the average age of farmers has greatly increased and small-scale farmers have been quitting, the accumulation of farmlands to core farmers is in
progress. In many cases, small farmlands are separated and so cannot be used by core farmers, thus inhibiting the improvement of productivity. To solve this
problem, public corporations that rent farmland from quitting farmers and sublease to core farmers are established in each prefecture. Under this scheme,
farmland owners will be paid by the corporation, and the corporation will consolidate the small farmlands into one large area, which it subleases to core

farmers

indicating that the accumulation of
farmlands to the core farmers is pro-
gressing properly.

To promote the transition to
large-scale farming, Japan’s agricul-
tural land law was amended to ease
regulations for possession of farmland
by a farming company (the new law
was implemented on 1 April 2016).
Of the four conditions (company
style, business style, constituent
members or voting rights, and board
members) required for companies
to own farmland, the last two were
eased, allowing farming companies
to be scaled up. The new law eases the
promotion of investment into farm-
ing companies, which is expected to
eventually make Japanese business
farms larger. This will contribute to
reaching another KPI formulated in
the Japan Revitalization Strategy:
‘Increase the number of corporate
farmers fourfold from the 2010 level
to 50,000 in the next 10 years (ending
in 2023)’.

Another KPI in that strategy is a
reduction by 40% of the cost of rice
production by business farmers in
the next 10 years (ending in 2023)

compared with the current national
average cost,” including through
efforts by industry on aspects of
materials and distribution. It seems
to be difficult to reach this number
using only policy tools. Investment
in research and technology develop-
ment is critical in this circumstance.

Since the structure of Japanese
agriculture is evolving to large-scale
farming, technology that supports
this transition is needed. Two main
technical problems face this trend
in land use—based agriculture. First,
automation technology for farm oper-
ations is needed to expand the limit
of farmland use per person, which is
critically important for large-scale
farming. Second, the establishment
of an efficient farm management
system 1is needed for appropriate farm
work plans to enable the manage-
ment of many separated small-scale
farms with multiple crop varieties to
spread out harvest timing.

In fact, the Cross-ministerial
Strategic Innovation Promotion
Program (SIP)>—a national pro-
gram for science, technology, and
innovation initiated in 2013 by the

Council for Science, Technology and
Innovation—aims to confront the
most important societal challenges
facing Japan, as well as to contrib-
ute to the resurgence of the Japanese
economy. The SIP has become a
powerful tool to address these chal-
lenges. Indeed, the project entitled
‘Technologies for Creating Next-
Generation Agriculture, Forestry
and Fisheries’* is among 11 projects
selected for the SIP.?

One of the main goals of this
project is to increase the income of
farmers by using innovative technol-
ogy for smart farming and to enhance
the value of agricultural products,
working with agricultural policy
making to introduce farmland struc-
tural reform, and expanding the size
of agriculture-related industry (e.g.,
seedling industry).

The project has identified two

major ways to reach these goals:

1. Incorporate robotics, informa-
tion and communication tech-
nologies (ICTs), genome in-
formation, and other leading-
edge technologies to produce a
uniquely Japanese smart, ultra-
labour-saving, and highly pro-
ductive agriculture model.

2. Enhance the value of agricul-
tural, forestry, and fishery prod-
ucts by developing new materials
and offering distinct, functional
health foods and other products,
using techniques from medicine

and engineering.

Finally, in 2016 the Japanese gov-
ernment formulated its 5th Science
and Technology Basic Plan.’ In this
document, the government propos-
es the living concept ‘Society 5.0°,
where ICTs, which have recently
significantly advanced, will be fully
utilized for the benefit of all citizens.
Eleven projects in the SIP have been
assigned as to explore the concept
of Society 5.0, including the project




Technologies for Creating Next-
Generation Agriculture, Forestry and
Fisheries.

Research on smart agriculture: An
overview

Recently research deploying the
Internet of Things (IoT), big data,
and artificial intelligence (AI) has
been galvanized. In the SIP project
Technologies for Creating Next-
Generation Agriculture, Forestry
and Fisheries, these novel tech-
nologies are also integrated into
the research activity for developing
next-generation technologies that
boost the productivity of Japanese
agriculture.

To establish a large-scale smart
farming system for rice production,
automation technology needs to be
developed. An efficient farm man-
agement system for appropriate farm
work plans that enable the manage-
ment of many separated small farms is
also needed to reduce rice production
costs. In this SIP project, two types of
end users are considered: core farmers
with family-style farms (of about 30
ha) and company farmers with larger
farms (about 100 ha).

Research is being carried out to
develop cultivation techniques based
on automatically driven farm equip-
ment, an automated water control
system for paddy fields, a farming
assistance system based on space
assessment information, a precise
automated fertilization system with
sensing soil fertility for each farm, and
a farming plan simulation system that
enables efficient farm work in many
small separated farms. Research is
also being carried out to develop
ground-breaking varieties of crops—
such as crops with super high produc-
tivity, using various techniques such
as genome-editing technology—and
to enhance the value of agricultural
products based on scientific evidence

for health (brain function and body
locomotive function, etc.). By devel-
oping these technologies, the area of
farm land per person is expected to
expand from 12 ha to about 24 ha,
thus removing factors limiting farm
size for core farmers.

These technologies include an
automatic driving system for farm
equipment that is expected to con-
tribute to the expansion of working
farmland per person by using geo-
metric space information generated
by precise Global Positioning System
(GPS) technology. This will enable
work to be done at night as well as
performed simultaneously by mul-
tiple types of equipment. Automatic
driving systems for tractors and
unstaffed work system products
(with human monitoring) will be
put on the market by 2018, when the
Quasi-Zenith Satellite System service
will become available. Moreover, an
unstaffed automatic driving system
with remote monitoring that can
cross fields is under development
and expected to be ready by 2020.
Ensuring that safety guidelines
are met 1s an ongoing effort of the
Ministry of Agriculture, Forestry
A first-of-its-kind
system for working large fields was

and Fisheries.

developed successfully in 2016. Four
automatic robot-tractors are used in
this system to boost work efficiency.
These tractors can work together
with location error of less than 4 cen-
timetres. Although tractor systems
for large fields in Western countries
have adverse effects on plant growth
because of the high pressure exerted
by tractors on the soil, the Japanese
system does not have this problem,
and farm work plans can therefore be
designed to be flexible by changing
the number of tractors being used.
To control water in paddy fields,
farmers manually change the water
level by using valves. Developing
labour-saving technology is therefore

needed. Core farmers have to man-
age many small areas of farmland that
have been abandoned by small-scale
farmers. Core farmers plant different
varieties of rice to distribute the har-
vesting timing, resulting in a signifi-
cant increase in the burden of water
management. To address this issue,
research is now being conducted
to develop an automated remote-
controlled water control system.
Automated valve-controlling equip-
ment with a water-level sensor and
networking equipment for wireless
control have so far been developed.
Water level-sensing data are stored
in a cloud service, and farmers can
remotely monitor these data and set
the desired water level with a smart
phone or tablet. This technology
enables a 50% to 90% reduction in
labour required for water control,
which accounts for about 30% of rice
paddy farm work. The technology is
therefore expected to contribute to
a significant increase in the area of
farmland that can be used per person.

Technologies for an automated
multi-robot tractor system or auto-
mated water control system for paddy
fields need farm work plans based on
precise farmland information such
as specific data on crop growth, cli-
mate, water level, temperature, and
so on. In the SIP Technologies for
Creating Next-Generation Agricul-
ture, Forestry and Fisheries project,
technologies for collecting data on
crop growth (nitrogen content,
chlorophyll content, etc.) and soil
fertility from many small separated
farmland areas are being developed to
maximize appropriate harvest timing
and efficient fertilization. Satellites or
drones are used to obtain these data.
A system that generates maps over an
area of 3,000 square kilometres for a
crop’s protein content or the appro-
priate harvest timing for rice has
been developed. Farmers or farming

advisors can obtain information at
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any time from this system by using a
tablet or smart phone. The informa-
tion enables quality control of prod-
ucts, and the system has been used
for a branding strategy for local rice
labels such as ‘Seiten no Hekireki’ in
Aomori Prefecture and “Tuya Hime’
in Yamagata Prefecture. Research
is also being conducted to develop
a sensing system that uses a drone
equipped with a spectroscopic sen-
sor or thermal imaging sensor and
a controlling module. Information
about visible light, near-infrared
light, or thermal infrared light can
be used to estimate nitrogen content,
chlorophyll content, photosynthesis
activity, and water stress. Based on
this information, a diagnostic algo-
rithm for accurately estimating plant
growth is now being established.
Information about farmland such
as data on plant growth, soil fertil-
ity, and climate data obtained by
various sensors must be appropri-
ately selected and processed before
providing the results to farmers.
Therefore a system for managing
many farmlands that integrates and
processes information from multiple
systems and generates a farming plan
according to each farmer’s strategy is
now being developed. Elements of
this system—including technologies
such as an automatic driving system,
an automated water-control system,
and a farming plan simulation sys-
tem—have been integrated into a
single package of technologies and
introduced to representative farmers
in Chiba Prefecture. This enables the
optimization made possible by using
multiple technologies that comprise a
single system and assessment of inte-
grated technologies from the view-
point of management. This approach
is also effective for obtaining feedback
from users, which can lead to practi-
cal improvements of the integrated
technologies. The newly developed

technologies are expected to be used
widely by Japanese rice farmers.

Many types of sensing systems for
obtaining climate information on soil
fertility, water level, temperature, and
so on in paddy fields are connected
to the Internet, and numerous data
collected by these sensing systems
will be accumulated in cyberspace. A
data platform will be established and
a huge amount of data about paddy
fields will be available to everyone.
These data can be analysed by Al or
other tools, and data obtained every
year will be utilized for further
advanced cultivation technology.

In the field of horticulture, for
example, environmental infor-
mation—such as information on
temperature, humidity, and CO,
concentration inside a solar-powered
plant factory—are collected by sen-
sors connected to the Internet. These
data are analysed together with bio-
logical data inside the tomato fruit
obtained by cyclopaedic analysis of
gene expression, metabolites, or other
biological data. These integrated
data will be utilized for environment
control programmes to optimize the
cultivating environment for tomatoes
and other crops, enabling maximiza-
tion of crop yield and controlling its
quality to meet market requirements
that may change on a daily basis. This
novel technology will also be used to
analyse the know-how of excellent
farmers. Their techniques will be
digitalized and provided to young
farmers who have less experience
with cultivation. These novel trials
will enable a smooth transition of the
cultivation techniques of experienced
farmers to young farmers, and this is
expected to help the Japanese agricul-
ture industry to be competitive in the
international market.

The future of crop breeding: Utilizing
genome-editing technology
Recently, in addition to traditional
breeding techniques, genome-edit-
ing technology that assists in mak-
ing precise and targeted changes to
the genome of living cells has been
greatly advanced (the most significant
of these techniques is the CRISPR/
Cas9). This is expected to be a driv-
ing force for the development of
ground-breaking crop varieties that
cannot be achieved by traditional
breeding techniques, and is predicted
to accelerate the development of new
varieties with high capacity.

In the SIP’s
for Creating Next-Generation

Technologies

Agriculture, Forestry and Fisheries,
studies with mutagenesis induced by
heavy ion beams or other mutagens
have been carried out to elucidate
specific genomic loci that are respon-
sible for production traits and to apply
them for developing new ground-
breaking varieties. The SIP project
has already obtained null-segregant
rice plants in which genes responsible
for grain size or number have been
edited. These plants can contribute
to the ground-breaking variety with
super high yield.

In the near future, the isolation
and characterization of useful genes
that are responsible for the trans-
location of nutrient compositions will
enable the development of more pro-
ductive varieties with greater yield.
In tomatoes, genes responsible for
gamma-amino butyric acid (GABA)
content and parthenocarpy or other
traits are now being edited to create
varieties that are free from the need
for artificial pollination or have a high
GABA content in order to reduce the
farmer’s hormone processing cost (for
pollinating the plants) or to enhance
the value of the products. Other
major crops such as wheat, soybeans,
potatoes, and so on have also been

investigated as possible candidates for




optimizing genome-editing condi-
tions or creating ground-breaking
varieties.

CRISPR /Cas9-
based technology and other exist-

Because the

ing genome-editing technology,
such as TALEN-based technology,
have already been patented mainly
by universities in the United States
of America and Germany, research
is also being conducted to develop
Japanese genome-editing technol-
ogy. Technology that induces point
mutations in the targeted genes, such
as target-AlID (activation-induced
cytidine deaminase),” as well as tech-
nology utilizing a pentatricopeptide
repeat (PPR) motif,” which can be
designed to bind any specific DNA/
R NA site, are under development.
These technologies are also being
examined for creating ground-break-
ing crop varieties, and they constitute
an integral part of the SIP project.
Internationally competitive crop
varieties and agricultural products
based on these technologies will be
developed in the near future and will
contribute to an increase in exports of’
Japanese agricultural products.
Living modified
(LMOs) are regulated by multiple

organisms

laws in Japan, but primarily by the law
on biosafety—the Law Concerning
the Conservation and Sustainable
Use of Biological Diversity through
Regulations on the Use of Living
Modified Organisms—which has
been enacted to ‘ensure the precise
and smooth implementation of the
CartagenaProtocolon Biosafety to the
Convention on Biological Diversity’.
In this Law, ‘LMO’ is defined as
‘an organism that possesses nucleic
acid, or a replicated product thereof,
obtained through technologies for
the processing of nucleic acid extra-
cellularly or technologies for fusing
of the cells of organisms belonging
to different taxonomical families’."
Genome-editing technology can

edit intended specific genomic sites
without external nucleic acid or trace
marks. Therefore there is no consis-
tent decision as to whether genome-
edited crops are subject to regulation
or not. Considering this situation,
research is also being conducted to
develop a method to prove that the
genome-edited crops do not possess
extracellularly processed nucleic acid;
methods for promoting consumer
acceptance based on benefits are
also being considered. Thus there
is cooperation between administra-
tive work and technology aiming at
public acceptance of genome-edited

agricultural products.

Conclusions

In the SIP project Technologies
for Creating Next-Generation
Agriculture, Forestry and Fisheries,
research on smart agriculture—
especially research concerning rice
production and the development
of ground-breaking varieties—are
ongoing towards the KPIs stated in
the Japan Revitalization Strategy.
By combining novel varieties that
respond to consumers’ needs with
next-generation cultivation tech-
nology that utilizes ICTs and other
cutting-edge technologies, the pro-
ductivity of Japanese agriculture is
expected to be greatly enhanced.
These state-of-art technologies could
also be introduced to developing
countries, and are expected to con-
tribute to tackling the global food
supply problem in the future.

Notes

1 'Core farmer' is defined in Japanese
agriculture policy as an ‘efficient and stable
farming management body such that the
main workers' lifetime income and labor time
are at a level similar to that of workers in
other industries'.

2 The average cost of rice production in 2011
was 16,001 yen per 60 kilograms.

3 See http//wwwB8.cao.go.jp/cstp/panhu/
sip_english/sip_en.html.

4 For more information about the
Technologies for Creating Next-Generation
Agriculture, Forestry and Fisheries project,
see http://www8.cao.go.jp/cstp/panhu/
sip_english/42-45.pdf.

5 The 2016 budget for the SIP Technologies
for Creating Next-Generation Agriculture,
Forestry and Fisheries was 2.925 billion yen.
Other SIP projects and their budgets (billion
yen) in 2016 are as follows:

¢+ Innovative Combustion Technology: 1.9
+  Next-Generation Power Electronics: 2.41
+  Structural Materials for Innovation: 3.758
+ Energy Carriers: 3.49

¢+ Next-Generation Technology for Ocean
Resources Exploration: 4.66

+ Automated Driving System: 2.713

¢ Infrastructure Maintenance, Renovation,
and Management: 3.156

+ Enhancement of Societal Resiliency
against Natural Disasters: 2.33

¢ Innovative Design/Manufacturing
Technologies: 2.19

+ Cyber-Security for Critical Infrastructure: 2.5

6 See http//www8.cao.gojp/cstp/english/
basic/5thbasicplan.pdf.

7 This technique uses RNA-guided
endonucleases known as Cas9 from the
microbial adaptive immune system named
CRISPR (clustered regularly interspaced short
palindromic repeats), which can target any
genomic loci specified by short guide-RNA.
See Hue et al, 2014, for more details.

8 Nishida et al., 2016.
9 Yagietal, 2015 and Yagi et al, 2014.

10 See https://www.env.gojp/en/laws/nature/
law_ccsubdrimo.pdf.
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CHAPTER 9

Technological Future of the Agriculture and Food Sector in Russia

LeoniD GokHBERG and ILYA KuzmiNov, National Research University Higher School of Economics, Russia

The global agriculture and food
sector is changing rapidly because
of the intensive increase of global
food demand, which is in turn
the result of population growth
and significant shifts in consumer
preferences. There is a clear need
for improvement in the sector’s
technological, infrastructural, and
institutional basis to ensure its sus-
tainable development.

The situation is further aggra-
vated by a number of environmen-
tal issues, including the degradation
of ecosystems, biodiversity loss,
and the deterioration of soil and
sea productivity. Climate change
leads to growing pressures on the
agricultural productive areas and
on the world’s oceans. In the long
term, there are significant risks of
fertilizer deficits due to depletion
of mineral deposits. Furthermore,
declining pesticide efficiency due
to the inability of agrichemical
science to keep up with the pace
of pests’ evolution is an unfolding
trend with serious implications.
This creates risks for the globaliza-
tion of agri-food trade, and it leads
to a resurrection of ‘food nation-
alisms’ and intensifying economic
vulnerabilities associated with the
globalized trade.'

Unfortunately, the new wave of’
technological advances (such as bio-
technology, artificial ecosystems,
circular agriculture, precision agri-
culture, robotics, smartlogistics,and
landless food production through
the direct chemical synthesis of
nutrients) rolls out rather slowly in
many parts of the world. This is the
result of a shortage of investment,
political/societal/religious hostility
to radical technologies, and inad-
equate labour force competences.
Less expensive, yet highly effec-
tive, technological innovations and
entirely new mechanisms for their
promotion are required. The lat-
ter include the redesign of existing
government policies related to sci-
ence and technology (S&T), inno-
vation, entrepreneurship, industrial
organization, competition, and
investment.

Having abundant land resources
and significant industrial, S& T, and
educational capacities, the Russian
Federation (Russia) will, most
probably, play an important role
in combating the global challenges
outlined above. To achieve this,
however, the country will need to
continue its reforms of the agri-
culture and food sector so that it
becomes able to generate and absorb

technological and organizational

innovations more efficiently.

Implications of global challenges

In today’s deeply internationalized
economy, global challenges are
important elements of the strategic
agendas of national agriculture and
foodsectors, although some national
priorities are determined solely by
domestic factors. The global chal-
lenges affecting the agriculture and
food sector could be categorized,
rather generally, into environmen-
tal, social, economic, political, and
axiological (related to the values
foundations of societies).” However,
most of the challenges and trends,
in terms of their causation, are
mixed by nature.

First of all, a growing discrep-
ancy between the dynamics of
food demand and supply makes the
future of agriculture rather diffi-
cult to predict. Rates of agricultural
productivity growth are declining
because there is now a ‘technology
pause’ between the ‘green revolu-
tion” and the emergence of future
production systems, which prom-
ise to be highly efficient, agile,
autonomous, and isolated from the

natural environment.?

The authors acknowledge the technical assistance provided by Elena Tochilina and Irina Loginova, who greatly helped in preparing this chapter.
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The interlinked environmental
challenges—which affect (and are
partially produced by) the agricul-
ture and food sector and threaten
the stability of the world’s food sup-
ply—further aggravate the global
food problem. As mentioned ear-
lier, they include climate change,
soil degradation, decreasing bio-
productivity of the oceans, biodi-
versity loss, groundwater scarcity
and contamination, reduction of
the effectiveness of agrochemicals
due to evolution of pests,* and the
long-term threat of exhaustion of
mineral resources for fertilizers,
among others. Therefore the trend
of declining productivity growth
rates can even evolve into declin-
ing overall production with dire
consequences for the food security
of developing nations.

There are also a number of socio-
economic and values-based chal-
lenges. Among them are economic
globalization and the volatility of
global food markets affected by new,
non-food uses of agricultural prod-
ucts, such as biofuels; the growing
polarization of food consumption
patterns as a result of income, cul-
tural, and educational gaps; the trans-
formation of the demand for labour
in agriculture, which threatens the
sustainability of the rural lifestyles;
growing biosafety threats against
the backdrop of the rise of ‘garage
biotechnology’, or amateur biotech
endeavours; risks to arranging guar-
anteed continuity of food supply
for megacities and broader urban
agglomerations; and many others.

The answers provided by S&T
and innovation to the global chal-
lenges are expressed in terms of
the rise of new platform (universal,
or convergent) technologies.” The
developed nations demonstrate the
rapid progress of radically new tech-
nologies (new generation sequenc-

ing, bioreactor-based synthetic food

production,’ total recycling, biocon-
trolled and artificial agroecosystems,
vertical farms, swarm robotic intel-
ligence, etc.),” while the developing
ones are still engaged in the adoption
of the technologies of the previous
wave (genetically modified crops,
drip irrigation, and so on).

S&T and innovation processes are
enabled by accompanying new busi-
ness models made possible by mod-
ern information and communication
technologies, which dramatically
reduce both food losses and trans-
action costs in agriculture and food
logistics. The diffusion of convergent
technologies—including combina-
tions of high-performance compu-
tation, broadband networking, and
near-real-time data flows from satel-
lites and aerial vehicles—seems to be
one of the most important drivers of
these organizational innovations.®

In parallel, technology devel-
opment creates certain threats of
large-scale disruptions for developing
countries. These could be beneficial
in the long term and on the global
scale, but are harmful to short-term
economic stability and food security
at the nationallevel. There are numer-
ous ‘wild cards’ (or ‘black swans’) of
this sort that refer to structural shifts
with low probability but high impact
for the agriculture and food sector.”
The diftusion of genetically modified
organisms (GMOs) in global crop
production and aquaculture could
make exports of the non-GMO
countries uncompetitive and dam-
age their trade balance. Shifts in the
natural habitats imposed by climate
change can cause unexpected panzo-
otic events, which are negative for the
animal husbandry sector. Synthetic
food technology commercialization
can radically shift the demand-supply
balance for factors of production,
such as agricultural land, resulting in

financial turmoil in some countries.

It is particularly important to dis-
tinguish the opportunities and threats
on the national level that are emerg-
ing from global challenges. Because
of Russia’s circumstances and loca-
tion, the global food problem, cli-
mate change, and the development
of radical technologies tend to affect
the country differently than the rest
of the world, at least in the short term.
Russia comes out ahead in this regard
mainly because less technologically
advanced and less industrially and
institutionally developed countries
often lose from global innovation in
the short run, when they lose rents
associated with inexpensive exports.

The global food problem is con-
stituted of the global demand for food
rising above limits of sustainable sup-
ply."” It poses tremendous challenges
to sustainable development, creating
the risk of extreme famine events
in Africa and South East Asia."" For
Russia, with its vast land and water
resources, the rising global demand
for food provides a chance to establish
itself in new international agriculture
and food markets in circumstances
when the markets of developed
nations, being divided between
producers from the United States
of America, the European Union,
Brazil, Canada, and Australia, are
virtually closed for the country’s
exporters.

Climate change, being disastrous
for most subtropical and tropical agri-
culture and food producers because
of higher frequencies of droughts,
tsunamis, floods, and other extreme
weather conditions, affects mostly
non-agricultural areas of Russia, such
as its Arctic regions. The impact of
climate change on the main agricul-
tural regions in chernozyom (fertile
black soil) and grey wood soil zones
is mild and mixed, though the scien-
tific consensus on the long-term net
effects for Russia’s agriculture has not
yet been reached.”




Diffusion of many promising
technologies, such as genetically
modified crops associated with
much lower production costs, pres-
ents both opportunities and threats
for the Russian agriculture and food
sector—which is an established grain
and oil seed exporter with a very
conservative political stance towards
GMOs. Recent progress in aquacul-
ture (including recirculating aqua-
culture systems and plant-based fish
feed) promise substitution of tradi-
tional, inefficient, and environmen-
tally harmful sea fishing practices. In
Russia, aquaculture technologies are
quite underdeveloped, although its
fisheries sector is one of the largest in
the world. This situation creates eco-
nomic threats to sectoral businesses in
the northern and far eastern regions
of the country.

In general, the described pat-
tern is caused by excessive reliance
on extensive production factors as a
result of quite favourable natural pre-
requisites and insufficient attention
to longer-term competitiveness fac-
tors related to progress in technology.

The Russian agriculture and food
sector 1is sensitive to the situation in
global markets of both the means of
production (machinery, biomateri-
als, etc.) and the final products (grain,
milk, meat, etc.). The capacity to
both absorb foreign and domestic
knowledge and to produce domes-
tic innovations will be crucial to
successfully facing the global chal-
lenges. Intensive investment and new
initiatives in this field are needed
for the agriculture and food sector
to become more resilient. It must
have less reliance on imported tech-
nologies, genetic material, veterinary
drugs, fine biochemical and chemical
substances, and less dependence on
exports of agricultural raw materials
rather than food products with high
added value.

The status of the Russian agriculture and
food sector
Russia is one of the world’s largest
producers of food products (e.g.,
grain, oil seed, and meat). Its output
reached US$80 billion in 2015, with
exports of US$16.2 billion. This sec-
tor has shown remarkable stability
during the economic turbulence of
recent years. Although the national
economy has experienced some stag-
nation effects since 2014, the agricul-
ture and food sector demonstrated
steady growth rates of 2% to 3% per
year, and the share of loss-making
agricultural companies has contin-
ued to shrink, becoming significantly
lower than that in many other sectors
of the economy. Nowadays this sec-
tor is an important pillar of political
stability on the national level, which
is highly dependent on the wide
availability of affordable food of good
quality. Russia is almost self-suffi-
cient in food: from 81% to 100% of
internal demand for food (depending
on the product category) was covered
by domestic production in 2015. The
agriculture and food sector is crucial
for social welfare in the rural areas
because it employs around 9 million
people. It is anticipated that growth
rates of production and exports
could accelerate further because of
the growing demand in developing
countries of Africa and Asia for the
food products that Russia produces.
Although the country has inher-
ited a rather unbalanced and rigid
agriculture and food sector from the
Soviet era, post-Soviet institutional
reforms allowed for the efficient
reallocation of resources based on
market competition and the adop-
tion of state-of-the-art technological
innovations. The optimization of
supply chains was coupled with the
concentration of production in the
areas that were most favourable in
terms of both their soil and climate

conditions and their location. All

these factors allowed Russia to move
from the brink of famine in the late
1980s to solid food security in the
2010s, and to significantly increase
agriculture and food exports.

At the same time, the overall
productivity of the sector remains
relatively insufficient because of the
uneven penetration of new technolo-
gies and the slow diffusion of the new
wave of organizational innovations,
such as digitization of trading and
logistics, equipment time sharing,
life-long learning, and so on. These
factors underpin the slow progress
of production intensification across
certain regions, sub-sectors, and par-
ticular types of producers.

Other challenges include low
demand for innovations produced
by the domestic applied agricultural
research and development (R&D), as
well as weak communication between
the sectors of education, S&T, and
agricultural business. The latter does
not demonstrate substantial demand
for domestic R&D and technology,
while research institutes and univer-
sities have been generally unable to
provide a continuous supply of ready-
to-use and commercially attractive
technologies (they are more and more
inclined towards research that is sup-
ported by public funding but that has
no specific objective or orientation)."
Thus the positive effects of weak
national currency for production and
exports growth have been countered
because a quick import substitution
of significant part of technologies,
equipment, chemicals, and genetic
materials is not feasible. The chal-
lenge for domestic manufacturing of
high-tech agriculture inputs, such as
equipment, genetics, advanced fer-
tilizers, and specialized information
systems, is even more difficult to
solve because of other barriers, such
as economies of scale.

Of great importance is the
sector-wide application of enabling
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Figure 1: Propensity to introduce new technologies by economic entities of different types in Russia’s agriculture sector

Technology to be introduced

Owner-operated farms/
individual enterprises
(semi-commercial farming)

Private farm holdings
(self-sufficient farms)

Organic agriculture

Precision agriculture

Large-scale ‘assembly-line’livestock breeding

Zero-tillage farming

Loose housing of livestock

Drip irrigation

Custom on-demand preparation of fertilizers

Integrated pest management

Urban agriculture (vertical farming)

Automation and computerization

Genetically modified and hybrid seed use

Biofuels

Source: HSE, 2017a.
Note: Likelihood of technology introduction: M High

technologies such as broadband
the
Internet of Things, global geoposi-

digital communications,"*
tioning and other satellite services,
unmanned aerial monitoring, smart
digital trade infrastructures, robot-
ics, biotechnology and bioenergy,
and nanotechnology and new mate-
rials. However, efficient production
systems based on the state-of-the-art
technologies are concentrated within
a limited range of large companies,
mostly in the southern regions and
around the largest urban agglomera-
tions, while small producers in other
areas are not able to absorb available
technology innovations (Figure 1).
An answer to such challenges
can be found in the re-arrangement
of the sectoral innovation system,
which is notable for its poor link-
ages between S&T organizations
and businesses. Bridging the gap
between academia and industry may
allow Russia to become one of the
major exporters of globally competi-
tive high-quality agricultural prod-
ucts, production means, and services
within two decades. There is also a
need for closer technological coop-

eration and market integration with

Medium Low.

other emerging economies, because
this could allow Russia to gain access
to large export markets for various
means of agricultural production.
No less important are further efforts
to improve the domestic investment
climate to attract direct investment
from developed countries with grad-
ual localization of high-tech products
and technologies.

Prospects of S&T development
A complex picture of global chal-
lenges creates both threats and
opportunities for Russia’s agriculture
and food sector. Whether Russian
regulators, S&T organizations, and
agriculture and food producers
will be able to proactively adapt to
threats and efficiently use evolving
opportunities depends on the ability
of different actors to clearly identify
emerging global trends, map existing
strengths and weaknesses, be agile in
adapting the developmental strate-
gies, and cooperate efficiently on a
wide range of issues.

For the agriculture and food sec-
tor’s stakeholders to become more

able to participate in cooperative

Medium agricultural enterprises,
agricultural cooperatives
(commercial farming)

Major agricultural holdings
(commercial, export-
oriented farming)

future-oriented capacity building,
the Government of the Russian
Federation set the task of develop-
ing long-term S&T foresight of the
agriculture and food sector in 2015.
Depending on the future evolu-
tion of various global and national
trends; the composition of existing
strengths, weaknesses, opportuni-
ties, and threats; and the most likely
policy choices made at key threshold
points—macroeconomic, institu-
tional, and political ones—two pos-
sible development scenarios can be
considered for the period from 2020
to 2030.”

Russia can become a global sup-
plier of high-value-added products,
technologies, and services. This is the
goal of the ‘Global Breakthrough’
scenario. Another option is less ambi-
tious and easier to achieve, yet also
desirable: this entails saturating the
domestic market with competitive
domestic products and technolo-
gies—the ‘Local Growth’ scenario.
Both trajectories are possible and may

difference between the higher and
the lower trajectories is determined




Figure 2: S&T development scenarios for the Russian agriculture and food sector
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by the quality of the institutional
framework and economic mecha-
nisms by the year 2020; the gap
between these trajectories will grow
over time, making the leap from
the less favourable scenario to the
more ambitious one more and more
resource-intensive (Figure 2).

In the Local Growth scenario,
increasing commodity prices and
devaluation-driven import substitu-
tion would stabilize the economy
and allow it to return to a model of
intensive imports of advanced tech-
nologies, equipment, and materials
and large-scale exports of agricul-
ture and food products. By 2020, the
annual growth rate of the agriculture
and food sector output would achieve
3% to 4% because of expansionary
monetary and fiscal policies to help
improve the investment climate.
There would be a steady positive
growth in the amount and quality of
the harvest of most agricultural crops.
In the food industry, a steady increase
of output is expected. There would
be a decrease in the growth rates of
animal farming, which is affected by
both the saturation of the internal

market and the existing barriers to

export expansion. No significant
structural changes in the sector and
no intensive revitalization of national
agricultural applied R&D based on
cooperation with business would be
expected (the level of non-public
funding of agricultural R&D in this
scenario could grow slightly from the
current 17% to about 20%)."® Slow
import substitution of basic and tradi-
tional technologies would continue,
while dependence on state-of-the-art
solutions would persist. The points
of growth under this scenario would
be traditional commodities markets,
which would not require adaptations
to shifts in consumer preferences.

In the Global Breakthrough
scenario, the strong growth of the
agriculture and food sector would
be supported by reformed S&T and
innovation policies, a sound institu-
tional environment, and an efficient
innovation infrastructure and would
go hand in hand with timely struc-
tural changes in production chains.
Because more efficient business
models and new technologies would
enable highly competitive produc-
tion, no export barriers would hinder

the expansion of the sector. Natural

resources (vast fertile lands, avail-
able water resources) and cheap yet
high-quality domestically produced
fertilizers would be utilized in full.
The growth of the agriculture and
food sector would be accelerated
by 1 to 2 percentage points in rela-
tion to the Local Growth scenario.
Significant structural shifts would be
envisaged for S&T and innovation
activities, particularly those that take
place on the basis of effective stimuli
for academy-industry cooperation.
The share of non-public funding of
agricultural R&D could reach 35%
to 45%. Accelerated replacement of
obsolete production facilities, tax
incentives, and other benefits aimed
at promoting high-tech import sub-
stitution could lead to an intensifica-
tion of innovation activity. Increased
competition due to saturation of the
domestic market could also contrib-
ute to growth in innovation.

In addition to traditional markets,
domestic producers would be able
to occupy various highly profitable
niches in knowledge-based services
for the agriculture and food sector;
among these are cutting-edge solu-

tions in biotechnology, information
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Table 1: Prospective S&T development areas for the agriculture and food sector

Traditional technologies

Emerging technologies

+ Accelerated selection, seed growing, and
animal breeding technologies

+ Traditional genetic engineering of
agricultural plants and animals

+ Vaccines, antibiotics, and antiviral drugs for
animal farming

+ Integrated pest management techniques
and bio-pesticides

+ Equipment for biosafety control throughout
the value chain

+ Technologies of compound, slow-release,
and customized fertilizers

+ Basic precision agriculture technologies (geo-
positioning, navigation, and digital maps)

+  General-purpose agricultural machine-
building technologies

+ Technologies for the deep processing of
agricultural and fishery materials®

+ Basic biotechnologies of food processing

Next-generation sequencing and other
advanced biotechnologies

Technologies for sustainable, circular, and
organic agriculture

Advanced precision agriculture technologies
(unmanned aerial vehicles, sensor networks,
swarm robotics, artificial intelligence)

Equipment for urban agriculture
(recirculating aquaculture, vertical farms)

Advanced waste utilization technologies,
including next-generation bioenergy

Smart agro-logistics, robotic storage, and
transportation systems

Technologies for the production of highly
personalized and functional food

Technologies for the production of synthetic
and tissue-engineered foods

Source: HSE, 2017a.

Note: a ‘Deep processing’ refers to the production of high-value-added products with the use of sophisticated technologies—such as producing not only flour
from grain, but also extracting amino acids from grain for the purposes of biotech industry; or producing pharmaceuticals from fish-based raw materials.

and communication technologies,
robotics, aerospace, remediation of
natural environment, and ecosys-
tems design (Table 1). These would
allow the sector to diversify overall
output and secure export revenues.
Technology-supported gradual tran-
sition from cycle-vulnerable business
models of bulk commodities produc-
tion to those based on the creation
and export of intellectual property
and tacit knowledge in various forms
would also contribute to the sustain-

able growth of the sector.

Conclusions

The Russian agriculture and food
sector may be defined as stable for
the time being because of the strong
institutional reforms that have been
implemented during the last 25 years.
Post-Soviet Russia has managed to
establish an effective production-

distribution system in agriculture,

thus deflecting the risks of acute food
shortages and achieving food security.
However, the current productivity
level in agriculture is not yet satisfac-
tory. Undoubtedly there is still room
for improvement in the institutional
design of the sector to resolve such
negative issues as regional and sub-
sectoral monopolies, administrative
pressures on local businesses, high
transaction costs due to deficiencies
of the commodities exchange infra-
structure, and so on. In addition, a
number of problems concerning both
the adoption of imported technolo-
gies and the development of domestic
ones that would be competitive on
the market need to be addressed.
Therefore the current main goal
is to shift the agriculture and food
sector from a sustainable production
system to a sustainable innovation
system. For this purpose, it is nec-
essary to revive the sector’s applied
agricultural R&D capacity, making

agricultural R&D activities finan-
cially sustainable. Reforms aimed
at the revival of applied agricultural
R&D can be implemented only by
promoting close cooperation between
agricultural science and business
under a suitable institutional frame-
work. Fostering the ability of the
agriculture and food sector to create
new knowledge and technologies and
promote them to competitive markets
is a necessary condition for achieving
the developmental parameters of the
Global Breakthrough scenario. To
this end, S&T and innovation policy
for the agriculture and food sector
in Russia must, within several years,
evolve towards an evidence-based
paradigm designed to encourage
intensive development, resource effi-
ciency, and environmentally sound
practices; provide targeted support
for innovating companies; and sup-
press the opportunities of benefiting
from non-innovative rents (such as
land ownership) at the cost of other
market actors and consumers.

The scenarios described above
will assist policy makers in establish-
ingrelevant measures for the uptake of
technologies by national agriculture
and food producers. Development of
national S&T capacities will depend
on proper institutional solutions and
economic mechanisms for technol-
ogy transfer and innovation; a har-
monious system of S&T foresight and
monitoring will play important role

in this regard.

Notes

1 'Food nationalism’ here refers to a
government stance that emphasizes import
substitution and protectionism in food and
trade policy, so that the country primarily
targets growth in domestic production
to ensure food self-sufficiency for major
products, rather than importing them from
international markets.

2 HSE 2017a.




3 The mainstream technologies of the 1960s
(fertilizers, pesticides, and advanced selection)
that were so effective in boosting production
have become obsolete in terms of their
inability to enhance productivity further at
the growth rates demonstrated earlier. At the
same time, many new technologies are being
introduced rather slowly. Thus it is likely that
there are currently only a few drivers that
promise immediate and radical productivity
growth in the sector.

4 Hassanali et al, 2008.

5  Sokolov and Chulok, 2016.
6 Bonny etal, 2015.

7 Gokhberg, 2016.

8 Aubertetal, 2014.

9  For adiscussion about these ‘wild cards’,
see Saritas and Smith, 2011; for a discussion
about ‘black swans’, see Taleb, 2007.

10 OECD, 2009; Godfray et al., 2010.
11 OECD, 2013.

12 HSE, 2016; Saritas and Kuzminov, 2017
(forthcoming).

13 Termed non-oriented research’, this is
an activity without clear market-related
objectives.

14 Suprem et al, 2013.
15 HSE, 2017a.

16 HSE, 2017b.
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CHAPTER 10

Innovation in the Agri-Food Sector in Latin America and the Caribbean
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Agri-food systems are fundamental
to development. Over and above
their contribution to a country’s
(GDP),

which is less than the contribution of

gross domestic product
the manufacturing and services sec-
tors, the multiple strategic functions
of agriculture in economic, social,
and environmental development
determine that its participation is far
greater than its share of GDP.

The agri-food sector faces the
global challenge of providing enough
food, feed, fuel, and fibre to meet
growing and changing demand. The
agricultural innovation system needs
to develop and distribute innovations
able to enhance productivity and
sustainability along the supply chain,
while helping the sector cope with
climate change issues.' In develop-
ing countries, when talking about
rural development it is fundamental
to consider the additional challenge
of strengthening rural societies and
addressing the sustainability chal-
lenge, paying particular attention to
social inclusion and equity.

The food processing industry
is typically described as a relatively
mature and slow-growing area of
business that displays a relatively low
level of research and development
(R&D) investment and is quite con-
servative in the type of innovations
it introduces to the market. The
main reason for this characterization
relates to end-customers, who are
usually wary of radically new prod-
ucts and changes in consumption

patterns. Nevertheless, the recent
stringency of legal requirements
related to safety and health trans-
forms food product and process
innovation into a highly complex,
time-consuming, and risky endeav-
our. Moreover, recent changes in
the nature of both food demand and
food supply, coupled with an ever-
increasing level of competitiveness,
have rendered innovation not only
an unavoidable corporate activity,
but also one that is increasingly vital
for overall agribusiness profitability.”

This chapter analyses the main
sources of innovation for agri-food
systems and current trends in tech-
nological change, with an emphasis
on biotechnology. It also includes a
review of the scientific and techno-
logical activities necessary for innova-
tion in the agri-food sector. Finally,
the chapter adopts a system’s approach
and includes an analysis of the role of
the different actors of innovation in
the sector.

Innovation in the agri-food sector

An innovation system for food and
agriculture includes both participants
of the supply chain (suppliers, pro-
ducers, agro-industrial processors,
distributors, exporters) and govern-
ment workers and those involved
with universities, research institutes,
outreach and development agencies,
and so on. Policies, legal frame-
works, and attitudes that encourage
and guide knowledge incorporation

processes, technology, and value-
added production also complement
the concept.’

In the case of agriculture, inno-
vations commonly originate with
suppliers; these can be considered
‘process innovations’ because they
relate to production techniques—for
example, the adoption of improved
seeds; equipment for irrigation,
harvesting, and packaging; and
information management technolo-
gies—as well as improvements for
quality assurance and farm manage-
ment. According to the Organisation
for Economic Co-operation and
Development (OECD),* suppliers of
farmers develop product innovations
such as improved seeds and animal
breeds, agricultural machines, irriga-
tion systems, and greenhouses. The
same happens in food processing
industries, which produce product
innovations such as particular foods to
satisfy special niche markets (organic
foods, for instance), functional food
ingredients, and nutraceuticals (any
products with extra health benefits
derived from food sources) as well
as enhanced raw materials from
agriculture for industries such as the
chemical, pulp, and paper, and phar-

maceutical industries.

The value chain: Complex and evolving

Innovations are now common along
the value chain, which is extremely
complex and multi-layered with a
wide range of actors who participate
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Table 1: Summary of innovations for the agri-food sector, 2012-17

Technology Main innovations Purpose or expected results
Agrochemicals
Fertilizers ¢ Nano-fertilizers that supply one Nano-fertilizers can significantly improve crop
or more nutrients to plants and growth and yields; enhance the efficiency of
enhance their growth and yields  fertilizer use; reduce nutrient losses; and/or
+ Nano-materials that improve the minimize adverse impacts on the environment.
performance of conventional
fertilizers
Herbicides ¢ Herbicide tolerance traits (either  Improved safeners prevent herbicidal injury to
from mutant selection or genetic  crop plants without reducing weed control.
modification) and safeners*
Pesticides + Safety in manufacture and use Developments in pesticide formulation
+ Convenience for the user technology and novel formulation types,
+ Ease of pack disposal or re-use sometimes in special packaging such as water-
¢ Reduction of the amount of soluble packs, can give products a competitive
pesticide applied advantage, add value, or extend the life cycle of
+ Reduction of waste and effluent  active ingredients.
of all kinds
+ Nano-encapsulation
Information ¢ Automation in facilities Information technologies can result in
technologies (greenhouses, storage, etc.) improvements in resource and water
+ Data acquisition and analysis management; improvements in monitoring soils,
+ Positioning weather, and markets; traceability and food safety;
+ Mobile applications and better logistics and quality management.
¢ Intelligent sensors
Equipment + Automation Cutting-edge equipment can deliver greater
¢ Flexible devices productivity and autonomy.
+ Robotics for homogeneous tasks
Food safety + Monitoring of pathogens Food safety technologies can ensure compliance
¢ Risk management with regulatory requirements and niche-market
+ Analysis of consumer demands.
requirements
Processing ¢+ Quality improvement Better processing techniques can result in an
¢+ Functional ingredients improvement in product properties, shelf-life. and
+ Efficient resource and energy presentation.
management
Packaging + Use of active materials for Packaging can improve product shelf-life and
packaging appearance and enhance food safety.

Sensors and indicators
Radio-frequency identification
(RFID)

Biotechnology ¢ GM plants and animals
Molecular breeding

Improved enzymes, yeasts, and
bacteria for processing

Biotechnology can improve yields, reduce costs,
improve quality, and provide better quality-
control and safety systems.

Source: Authors, based on Abrol and Shankar, 2014; Bechar and Vigneault, 2017; Lee et al. 2015; Lehmann, 2012; and Magania, 2014.

Note: * Herbicide safeners selectively protect crop plants from herbicide damage without reducing activity in target weed species.

in innovation in the agri-food sector.
According to the OECD, govern-
ments implement policies and regu-
lations that affect the business and
innovation environment (tax and

agricultural policies, for example).

Otbher actors involved in the innova-
tion process are brokers, input suppli-
ers, markets, and consumers.’
Suppliers, who can be considered
thefirst of the directactorsin the chain,
include suppliers of seeds, fertilizers,

crop protection, gene-modifying
technologies, machinery, equipment,
veterinary vaccines, probiotics, infor-
mation technology, and energy. They
are connected by networks to produc-
ers or agriculture firms that work in
agriculture, livestock, and fisheries
and aquaculture. These producers are
in turn connected to agro-industrial
firms that provide processing, pack-
aging, storage, and conservation
services. Distributors and brokers
then provide traders, storage services,
and distribution agents. Finally, local
and export markets service retailers,
consumers, and export/import agen-
cies. Underlying all these elements
are financial services, which include
development banking, commercial
banks, public funds, international
cooperation (international research
centres, such as the International
Maize and Wheat Improvement
Center), and multi-lateral aid.

Over all these direct actors is the
regulatory and policy framework,
which establishes
‘rules of the game’ that also have an

incentives and

influence because they set the envi-
ronment for firms’ activities. External
sources of innovation include public
and private research organizations,
extension services, international
research centres, technology brokers,
universities, and technology transfer
offices. These external actors supply
important knowledge-based services
to support innovations along the

value chain.

Sources of innovation for the agri-food
sector

Because of the complexity of the agri-
food value chain, many technological
inputs are used to support innova-
tion. A review of recent advances is
presented in Table 1 to illustrate the
diversity of technologies impacting
different activities of this industry.




Table 2: New plant breeding techniques

Technique

Purpose

Sequence-specific nuclease (SSN)

Facilitates precise insertion and editing of genes through mutation or replacement

Oligo-directed mutagenesis (ODM)

Introduces a similar sequence that can be used as pattern to repair differences

Cisg is and intrag

Uses genes of the same species to induce new traits in specific crops

RNA-dependent DNA methylation

Induces transcriptional silencing of genes

Reverse breeding

Provides a precise method of producing hybrids

Agro-infiltration

Uses Agrobacterium as a tool for the temporary expression of genes in plant tissues

Grafting on genetically modified (GM) rootstock

GM rootstocks can be used for improving performance of non-GM scions

Genomics or synthetic biology

Implies the introduction of multiple genes to modify metabolic paths

Induced early flowering

Transgenic early-flowering F1 seedlings are backcrossed in year 2 with another line

Source: Authors, based on Schaart et al., 2016.

The wide range of innovations
introduced to this sector meets the
requirements of a new competitive
environment. The main drivers for
efficiency in the agriculture and
agri-food industry relate to increased
pressure by customers on suppliers
for sustainably produced products,
as well as competitive pressure that
triggers the need to reduce costs and
the desire to expand into new export
markets, which in turn implies com-
plying with international food safety
and health regulations.

Biotechnology innovations for agri-food

A set of important innovations is
based on biotechnology. The phrase
‘modern biotechnology’ refers to
various scientific techniques used
to produce specific desired traits in
plants, animals, or microorganisms
using genetic knowledge. Since its
introduction to agriculture and food
productioninthe early 1990s, biotech-
nology has been utilized to develop
new tools for improving productivity
in crops such as soybeans, corn, cot-
ton, canola, papaya, squash, potato,
and apple that are improved versions
of the traditional varieties. In addi-

tion, improved yeast and enzymes are

used to make different food products
through biotechnology.’

In the area of agriculture, bio-
technology has been used to pro-
duce genetically modified organisms
(GMOs), thus increasing productivity
and introducing plants that are resis-
tant to pests, drought, and contami-
nated soils. The use of biotechnology
has led to an increase in yields and
reduced cost in important crops
such as maize, soybeans, cotton,
and canola. Just recently genetically
modified (GM) apples and potatoes
have been approved for environmen-
tal release and consumption in the
United States of America.”

The use of biotechnology in pro-
cessing has brought better quality,
safety, and long life to food products.
New developments are also expected
to bring to light raw materials with
specific traits useful to specific
processing industries. But modern
biotechnology has been undergoing
a heated debate about the safety of
products that has led to strict regula-
tions and entry barriers in important
markets (notably in Europe).

Table 2 presents a classification of
new plant breeding techniques that
are being developed as a response to
that restrictive environment. They
include: (1) improved plants that

contain a new DNA fragment (usu-
ally a new gene); (2) improved plants
that do not contain a new DNA
fragment, but that have a mutation
or modification in their own DNA;
and (3) improved plants that do not
contain a new DNA fragment or any
modification of their DNA (such as
hybrids).”

Biotechnology in Latin America and the
Caribbean

Applications of agricultural bio-
technology have demonstrated its
potential to support improvements
in agricultural productivity and the
sector’s economic growth. However,
biotechnology opens new challenges
and issues that must be addressed by
R&D organizations as well as systems
and policy makers.

the
Caribbean, the biotechnology indus-

In Latin America and
try began to develop in the second
half of the 1980s as a consequence of
the reduction of barriers that limited
foreign investment. The growth of
the biotechnology industry was also
associated with changes in the laws of
intellectual property rights to grant
patent protection to biotech inven-
tions and plant breeders’ rights to
new plant varieties. Patent protection
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brought confidence to investors,
which led to an intensification of
research and technology flows.

Research in biotechnology has
been supported in different coun-
tries in the region, resulting in the
development of some new research
institutions (universities and research
centres). But the creation of biotech-
nology firms has not been supported
to the same degree, so there has been
only limited success in building local
successful biotech industries. On the
other hand, starting in the 1990s,
large multinational corporations
with large research budgets entered
the markets of the largest countries
in the region and began to play an
increasingly important role as agents
of biotechnology diffusion.’

As a consequence, even though
the land area cultivated with GMOs
has grown at an accelerated pace,
this expansion has happened only
for three crops (soybeans, corn, and
cotton), two traits (herbicide resistant
and insect resistant, or combina-
tions of both) and eight countries—
Argentina, Brazil, Bolivia, Colombia,
Honduras, Mexico, Paraguay, and
Uruguay—with a large concentra-
tion in Argentina and Brazil. Chile
has allowed GM plants exclusively for
seed production and export. All the
GM crops launched commercially in
the region have been developed by
private multinational firms.

Although important investments
have been made in research, no GM
product developed by national inno-
vation systems in Latin America has
yet been transferred to producers
in the region. This reveals that one
important problem faced by Latin
American innovation systems is the
lack of interaction between institu-
tions that generate knowledge and
the users of the innovation. A new
system of incentives is needed to
encourage knowledge generators
to embrace diverse demands and

propose effective solutions to the
problems of producers and companies
of different sizes.

This does not mean that technol-
ogies have not been produced by the
innovation sector in Latin American
countries. However, most of the bio-
technology innovations produced by
the public and private sectors in these
countries are conventional applica-
tions of biotechnology (tissue culture,
fermentation, and the use of molecu-
lar tools for breeding).

Countries with a recorded history
of investment in human resources
as well as innovation and techni-
cal change—namely, Argentina,
Brazil, Cuba, and Mexico—have an
enhanced capacity in terms of the
number of techniques used and mas-
tered. There have been some notable
achievements in these countries in the
development of genomics and some
GM crops, but a problem arises in
developing commercial applications
for those technologies. Countries
with an intermediate capacity—such
as Colombia, Costa Rica, Chile,
Peru, Uruguay, and the Bolivarian
Republic of Venezuela—have the
capacity to utilize conventional and
modern techniques, but their capaci-
ties are geographically dispersed and
highly concentrated in academic set-
tings. In turn, the rest of the coun-
tries in Latin America—DBolivia,
Dominican Republic, Ecuador, El
Salvador, Guatemala, Honduras,
Nicaragua, Panama, and Paraguay—
have a poor innovation capacity for
conventional biotechnology innova-
tions and even less capacity for mod-
ern biotechnology.

Regulatory systems in the region
are rather restrictive. Some countries
(such as Mexico for corn between
1998 and 2009, as well as Ecuador
and Peru declaring moratoria for
planting all GM crops) have declared
moratoria on the use of GM plants in
their agriculture. Such precautionary

measures have proven to be ineffec-
tive because these countries import
GM food products, but they erect
barriers to the environmental release
of seeds. This has established obsta-
cles to the development of locally
modified plants, which demotivates
investments in innovation. There is
an intense debate in Mexico about
GM food production and its impact
on the environment and the popula-
tion. Thusitis necessary to strengthen
the study of GMOs through mul-
tidisciplinary and committed work
that can objectively demonstrate the
challenges and feasibility of this type
of production.

Regarding research, regional
institutions working on agricultural
biotechnology in Latin America
cover a wide range of techniques,
crops, and productivity limitations.
This range reflects the wide diver-
sity of genetic resources in the region
and the notable efforts made by the
research systems and organizations to
address strategic regional and national
crops and traits.

This diverse innovation port-
folio has, however, led to a disper-
sion of efforts mainly because no
concurrent significant increase in
the level of human and financial
resources is in place. Countries need
to set priorities to focus their efforts
and resources towards feasible pro-
grammes with stronger ties to farm-
ers and firms.

In terms of the environmental
and food safety evaluations needed
to commercialize GM products,
most countries require improve-
ments to their regulatory bodies and
oversight mechanisms. Even in those
countries with an existing critical
mass of mechanisms (institutions,
regulations, infrastructure) to ensure
biosafety, social and political pres-
sures have caused the dissemination
of technologies approved by the bio-
safety regulatory authorities to slow.




A faster response from regula-
tory authorities is required, because
a poor capacity to conduct biosafety
assessments, strongly influenced by
the lack of political will to implement
modern biotechnology applications,
is demotivating investment by public
and private sectors to boost R&D
and biotechnology diffusion. Even if
the institutional framework is com-
plete, it is essential to assume that a
major overhaul of the organization
of the structures will be required for
its implementation—the framework
is currently extremely complex and
bureaucratic, which contributes to
the uneven diffusion of its benefits,
since only a few actors have the
qualifications to manage innovation
in this environment.

In the case of intellectual prop-
erty management, countries such as
Argentina, Brazil, Chile, and Mexico
make use of instruments and negotia-
tion capacity. However, the highest
shares of intellectual property protec-
tion instruments in these countries
are held by non-residents. This sug-
gests that more effective incentives for
creative processes should be imple-
mented. In most Latin American
countries, agricultural research has
taken a very academic route. The
indicators are telling: while produc-
tion of scientific articles has solidly
increased in the last 10 years, the
generation of intellectual property
and effective technological solutions
for producers represents a very small
percentage of research results.

This relative scarcity of innova-
tive solutions is the consequence of
an incentive system for researchers
that emphasizes academic produc-
tion and sidesteps problems in the
sector. More technologies are now
urgently needed for the efficient use
of water to improve land, correct
pollution problems, increase pro-
duction yield, and improve compre-

hensive farm management.

Moreover, a lack of reliability and
quality of supplies means that success-
ful industries resort to imports or to
large local suppliers to obtain their
supplies. No effort is made to develop
new suppliers, which would gener-
ate market incentives to improve
production. This is an opportunity
for innovators.

Technological innovations are
systematically incorporated by com-
mercial agriculture producers, who
resort to technological resources in
other countries. They also turn to
these other countries for technical
support as well as for machinery,
agrochemicals, and seed suppliers.
Some local producers work by con-
tract to export vegetables, and their
relationship with a broker or their
customers in the importing market
gives them access to technological
packages supplied by sales companies
that act as intermediaries. In both
cases, links with domestic institutions
are scarce.

Insome countries, publicand some
private financial organizations have
various support schemes for farmers
and companies, but they do not have
effective instruments to finance tech-
nology development projects, create
new businesses, or adopt technology.
The requirements of these organiza-
tions often exclude a wide range of
producers (small farmers), which can
widen performance gaps.

A sound
requires that shared socioeconomic

innovation policy

objectives provide the motivation for
better articulation of the innovation
system and the space for designing
more effective policy instruments
than what now exists.

The formulation of policies that
raise the public’s confidence and that
successfully insert useful and sustain-
able biotechnology innovations will
be a major challenge that countries
in Latin America and the Caribbean
will face in the near future.

Challenges for agri-food biotechnology
innovations: The case of Mexico

Mexico is equipped with knowledge
and expertise in agricultural biotech-
nology—it has important research
facilities at universities such as the
National University of Mexico, the
Center for Research and Advanced
Studies of the National Polytechnic
Institute, and the Metropolitan
Autonomous University, as well as
public research centres such as the
Center for Research and Assistance in
Technology and Design of the State
of Jalisco; the Yucatan Center for
Scientific Research; and the National
Institute of Forestry, Agriculture and
Livestock Research. Mexico also has
regulatory systems in place to assess
biotechnology products according to
the country’s Biosafety of GMOs Law.
However, Mexico is at crossroads as a
result of negative perceptions of GMO
technology, including fears about the
environmental impacts of geneti-
cally engineered crops that some
opponents have spread among some
sectors of society. This has erected
additional barriers to new investors,
and the number of Mexican biotech-
nology firms is low and concentrated
in applying traditional techniques
(fermentation, use of enzymes, tissue
culture, and molecular breeding).

The most important GM crop
produced in Mexico is cotton, which
covers more than 90% of the planted
area in the country. Itis a success story
because the use of chemical pesticides
has been reduced by more than 50%
and important cost advantages have
been brought to producers."

The second GM crop that has
reached commercial release in Mexico
is soybeans. Permits were granted
in 2012 for production on 253,500
hectares. However, Mexican honey
producers have expressed great con-
cern, particularly since the European
Court of Justice ruled that honey—

which contains trace amounts of
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pollen from genetically engineered
crops authorized for human con-
sumption in the European Union—
must be labelled if the amount of
genetically engineered pollen sur-
passes 0.9%. Because of this ruling, all
honey shipments from Mexico must
undergo laboratory testing to identify
and quantify the type of genetically
engineered presence.

The Mexican government was
about to grant permits for the com-
mercial planting of GM corn in
very specific areas that are distant
to fields considered centres of ori-
gin and diversification for the crop.
In September 2013, a federal judge
responding to a legal action initiated
by a consortium of activist groups
effectively suspended the plantings
of all GM corn in Mexico by placing
a provisional injunction. After four
years it is still not clear whether those
permits will be granted. This lack of
clarity is an obstacle not only for the
commercial use of seeds developed
by multinational firms but also for
technologies generated by Mexican
research groups.

This discussion highlights the
role of institutions and policies in
the diffusion and generation of new
biotechnological innovations. It also
shows that emphasis has to be given
to the transfer of knowledge to
commercial firms because they are
a key factor in the development of
agri-food biotechnology. Countries
in Latin America and the Caribbean
need new policies aimed not only at
strengthening research capacities but
also at translating research results into
viable biotechnologies to solve some
of the critical problems of agriculture.

Conclusions
Research capacities created in Latin
American countries need to translate
into actual solutions to the problems
of the agri-food sector. In order to
achieve this goal, a new system of
incentives is necessary to encourage
knowledge generators to embrace
diverse demands and propose eftective
solutions to the problems of producers
and companies of different sizes.
Although the institutional frame-
work that is essential for regulating
new technologies, such as innova-
tions in biotechnology, is complete,
it still needs a fundamental overhaul
of its structure so that it can be imple-
mented. Currently the institutions
are so complex and bureaucratic that
only a few actors—primarily multi-
national firms—have the qualifica-
tions needed to navigate the system.
The result is that the framework,
instead of helping to diffuse the ben-
efits of new technologies through all
levels of the sector, ends up ensuring
that their diffusion is uneven.
Innovation policy requires that
shared socioeconomic objectives,
such as those related to sustainabil-
ity and more equitable development
of the agri-food sector, provide the
motivation for a better articulation of
the innovation system and increasing
the space for designing more effective

policy instruments than now exists.

Notes
1 Moreddu, 2016.

2 Costa and Jongen, 2006.

3 The Oslo Manual defines innovation as the
implementation of a new or significantly
improved product (good or service) or
process, a new marketing method or a new
organizational method in business practices,
workplace organization or external relations
(OECD and Eurostat, 2005).

4 OECD, 2013.

5 OECD, 2013, p. 13.

6  Food Insight, no date, available at http://
www.foodinsight.org/Background_on_Food_
Biotechnology.

7 To get a more precise view on biotech
innovations, a review was conducted of
recent biotechnology patents (2011-2017).
There were 736 identified patents. The
leading inventors are Monsanto Technology
LLC, Pioneer Hi Bred Int,, BASF Plant Science,
Du Pont, and Syngenta. Together these firms
have more than 50% of the patent files,
which is an indicator of the high level of
concentration of innovation.

8 Schaartetal, 2016.
9  Otero, 2008.
10  Solleiro et al, 2014.

11 Mexican honey producers filed a court
injunction against the approval of GE
soybeans for commercial production. This has
led to a long legal procedure and the judge
has ordered a temporary suspension of the
permits arguing that the public consultation
of the local communities was not adequate.
‘As a result of this issue, approximately 15,000
hectares were not planted to GE soybeans
in 2012 and there have been no more
applications for commercial or pilot releases
of GE soybeans during 2013 to 2015' (USDA
FAS, 2015, p. 5).
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CHAPTER 1

Enhancing Innovation in the Ugandan Agri-Food Sector:
Progress, Constraints, and Possibilities
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Uganda’s performance as an innova-
tion economy has been improving
consistently, particularly in compari-
son with other low-income and Sub-
Saharan African countries. Since
2015, the Global Innovation Index
(GII) has ranked Uganda as an ‘inno-
vation outperformer,” a title given
to countries that, over a number of
years including the two most recent,
have been identified as innovation
achievers and pillar outperformers.'
This laudable progress stems from
sustained economic growth coupled
with a commitment to private-sector
development and innovation policy
reforms.> Though encouraging, this
nascent progress will translate into
real benefits for the broader Ugandan
population only if policy makers
understand and address specific con-
straints in the innovation systems of
the agri-food sector—the largest sec-
tor in the Ugandan economy.
Agriculture is the backbone of
Uganda’s economy, employing about

73% of the country’s labour force
predominantly in rural areas, but it
made up 27% of the country’s GDP
in 2014.°> Given that many house-
holds in Uganda rely on agricultural
production for their livelihoods,
innovation in this sector can have
direct and potent welfare effects. This
potential is particularly striking given
that the Ugandan agri-food sector is
hampered by low productivity and
profitability. Annual growth in agri-
cultural output has also been lower
than expected, declining from 7.9%
in 2001 to 3% in 2014 and falling
short of the 6% growth target for the
per capita agricultural GDP set by
the African governments under the
Comprehensive Africa Agriculture
Development Programme.*
Increasing agricultural produc-
tivity through improved technology
and production practices has been
a persistent priority at the national
level. To be effective, this prior-
ity must prompt policy actions that

Figure 1: Agriculture value chain with links between consumers and producers
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specifically and explicitly account for
the underlying innovation systems
that will ultimately generate real
productivity improvements.

Distinctive features of agri-food value
chains in Africa
The agri-food value chain compo-
nents range from the supply of agri-
cultural inputs such as seeds by input
suppliers, wholesalers, and retailer
agro-dealers to farming activities
such as planting, farming, and har-
vesting and to post-harvest activities
such as bulking and processing of raw
output, branding, and marketing of’
value-added agri-food products that
reach end consumers (see Figure 1).
With these important dimensions
in mind, it is easy to appreciate the
marked heterogeneity that charac-
terizes agricultural value chains in
Africa. Indeed, this heterogeneity is
often so pronounced that it results in
three distinct and parallel systems of

Dp':gg;f:;n Wholesale and
it s retail markets
+ Packaging + Grocery
companies stores and
supermarkets
* Logistic
companies + Food and
beverage
companies
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Figure 2: Heterogeneity in production and marketing constraints: Three parallel agri-food value chains in developing countries
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Source: Adapted from Trienekens, 2011; originally from Ruben et al., 2007.

value chains. In the A system shown
in Figure 2, local value chains consist
of low-value-added staple foods; low-
income and low-productivity farm-
ers; and local, low-value-added spot
markets. The B system comprises
larger local farmers with access to
improved input markets and products
as well as higher-value crops; these
farmers can tap into higher-value-
added domestic agri-food markets.
In the C system, much larger (often
plantation-style) farms produce
specialized products (often under
production contracts) for high-value
export markets and must therefore
satisty high international sanitary and
phytosanitary standards. In develop-
ing countries, these systems typically
operate in parallel, often with little
interaction, further isolating the most
vulnerable and least productive pro-

ducers in the A system. These realities

are key to understanding how value
chains operate in Uganda and what
upgrading options exist for farmers
trapped in less productive systems.

Innovation constraints in African agri-
food value chains

The  agricultural  sub-systems
described above often function in par-
allel with few links other than relying
occasionally on another sub-system
to balance demand and supply gaps.
The existence of these heterogeneous
sub-systems, which are only weakly
connected, poses unique challenges
for supporting innovation and upgra-
dation of these value chains.’

In many African countries, pro-
ducers are saddled with poor infra-
structure, weak institutions, barriers
to entry, coordination failures, and

unfavourable social and political

conditions.’ Although these hurdles
may be surmounted individually in
some cases, they can be pervasive and
subject to substantial collective action
problems, with the end result that
they complicate the entire culture in
which business activities take place.

Barriers to entry are a disadvan-
tage to small-scale producers that
have little capital to invest, use tra-
ditional techniques, and depend on
family labour.” Such an environment
causes difficulties in meeting prod-
uct standards and makes it difficult
to compete with larger-scale, more
efficient, and more technologically
sophisticated multinational corpora-
tions. Without market knowledge or
competitive products, many small-
scale producers fail to take advantage
of larger markets or the techniques
that could help them do so.




Furthermore, coordination fail-
ures are typically the result of a trust
deficit or asymmetric relationships.
Because of poor past performance,
many value chains do not engender
trusting relationships. This can lead
to excessive risk mitigation, caus-
ing inefficiencies and reduced value
addition.®

For commodities with low value
added, such as raw agriculture staples,
the terms of trade with Western
countries are typically asymmetric.
In such circumstances, Western part-
ners capture only the high-value por-
tion of the chain, thereby excluding
small-scale farmers from participat-
ing in larger markets.”

These obstacles constrain the
ability of system A and B value chain
actors from innovating in a way that
not only increases their agricultural
productivity but also upgrades their

systems.

Innovation constraints in the Ugandan
agri-food sector

Ugandan farms are typically small:
Roughly half of Ugandan farmers
own less than three acres of land, a
quarter own three to five acres, and
a quarter own more than five acres."
The total area of arable land planted
with either seasonal or permanent tree
crops hasincreased at an annual rate of
over 2% over the past 20 years."" This
increase in crop area, however, was
outpaced by population growth, and
crop area per capita declined nearly
25% during this period as a result.”
These trends have contributed to
an annual decline in both food and
agricultural production per capita of
about 2% since 2002."” Thus at both
the national and household levels
there is a pressing need to increase
agricultural productivity in Uganda.
chal-
lenges, Ugandan farmers face a

Mirroring the above

host of constraints that limit their

ability and incentives to invest in
their productivity. Among these
constraints are unreliable growing
conditions; natural disasters; liquid-
ity constraints; high market risk and
uninsured production; lack of access
to high-quality agricultural inputs
(only poor quality of agricultural
inputs are available); lack of training,
information, and awareness; limited
output market opportunities; and
few spillovers from public agri-
cultural research and development
(R&D). To the extent that farm-
level constraints discourage farm-
ers from adopting new technology,
they also discourage private-sector
investments in the development,
distribution, and marketing of
improved agricultural inputs and
other technologies. Downstream
markets for agricultural outputs are
similarly suppressed by low on-farm
productivity and concerns about the
stability and quality of outputs. As a
result, only one-third of agricultural
production reaches market.'"* Key
Ugandan agriculture innovation
constraints at the value chain level

are discussed in the next section.

The low quality of agricultural inputs

The low quality of agricultural inputs
in Uganda has been documented in
several recent studies.”” Thirteen
percent (nine out of the 67 fertilizer
retailers surveyed) reported receiving
low-quality supplies from wholesal-
ers.'® In practice, the poor quality
appears to be a result of counter-
feited or adulterated or generic ver-
sions of the supplies. The ubiquity
of low-quality inputs seems to be
more a result of weak enforcement
of guidelines and regulations on input
producers and dealers than the lack of’
technology to produce high-quality
supplies. Better enforcement and the
adherence to higher standards would
help overcome this bottleneck.
Additionally, institutional changes

aimed at improving the quality of
agricultural inputs, markets, and
supply chains are central to the inno-
vation process. Importantly, such
institutional changes make input sup-
pliers more responsive to the needs
of farmers because they increase
competition in the market. In many
cases, upstream innovation in inputs
(e.g., improved germplasm) involves
significant public-sector support, but
the ultimate return on this public
R&D investment is dependent on the
efficiency and resilience of the input
supply chains that deliver appropriate
improved inputs to producers.
Constraints to public and private
innovation in the agricultural input
supply chain—in particular in the
area of seeds, crops, and fertilizers—
remains a bottleneck to improving
the output of Ugandan agriculture.
On the one hand, access to inferior
inputs (e.g., counterfeit or ineffec-
tive fertilizer) remains a significant
challenge where issues of quality
and suitability prevail. On the other
hand, the rise of new, sometimes
domestic, hybrid seed varieties along
with organizational innovations and
improved distribution of agricultural
inputs might offer novel possibilities.

Imperfect financial markets

In Uganda, the majority of rural
households do not have access to
credit. At the time of the 2005/06
Uganda National Household Survey,
24% of rural households had applied
for credit from informal sources
compared with 4.4% and 1.8% that
had applied to micro-finance insti-
tutions and banks, respectively;
only 15% and 12% of household
heads have the capacity to borrow
from micro-finance institutions and
banks, respectively.”” Following the
conceptual framework of Boucher
et al. (2009), of the non-borrowers
in the 2008/09 Uganda Census of
Agriculture, about half were credit
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unconstrained, meaning that—given
their production opportunities—they
did not need a loan, did not borrow
because of high interest rates, or could
not profitability pay back the loan."
The other half of non-borrowers
were credit constrained as a result of
lack of collateral, lack of information
about credit sources, negative past
experiences with receiving credit,
or unavailability of lending facili-
ties."” Thus financial markets in rural
Uganda should not only be equipped
to provide finance to individual
households in a community experi-
encing hardship but should also look
critically at the demand for start-up
capital or insurance against risk that is
common across households in a com-
munity. Prices and market uncertain-
ties contribute to low investment by
making borrowing more uncertain
and therefore less attractive. This
environment of uncertainty inevi-
tably affects household liquidity.
Hybrid seeds and inorganic fertil-
izers that must be purchased each
season are two technologies that are
most likely to be affected by liquid-
ity constraints at the household level.
Furthermore, imperfect financial
markets also impact the way labour
is allocated across crops. The poor-
est households, which are less able to
insure themselves against price risk,
would tend to allocate less labour to
high-return cash crop production,
such as coffee production.”

Information constraints and a weak
knowledge base

Information constraints and also,
sometimes, a weak knowledge
base among farmers are further
bottlenecks.

Information constraints reduce
productive investments by farm-
ers by imposing constraints on (1)
information about inputs/products
and (2) information about practices/
processes. Addressing this lack is the

focus of public- and private-sector
initiatives as well as research and
policy recommendations.

Limited information on inputs
and products, in turn, negatively
affects decisions about what prac-
tices and processes to adopt. For
example, researchers found that only
2% of farmers in their sample cor-
rectly identified the variety of maize
that they were growing.? If farmers
believe they are growing a different
variety than the one they are actually
planting, they may apply practices and
technology appropriate to the wrong
variety; this can affect their produc-
tivity, as has been shown among
cowpea producers in Tanzania.”

Often farmers also lack the capa-
bilities to assess the potential and
practical use of new technology or
innovation, leading to underinvest-
ment and limited adoption of new

technologies.

Output markets, processing, and marketing

Agricultural output markets (e.g.,
markets for coffee, maize, or mangos)
can play an important role in facili-
tating agricultural innovation. They
are the first and the most important
link through which the farmers can
access domestic agro-processors,
neighbouring countries, or global
markets via processor-exporters.
However, output sold by farmers is
often purchased by middlemen in
the village or at the farm gate shortly
after harvest.**

The interdependence between
actors along this chain implies that
downstream costs of market imper-
fections may be transferred upstream
to farmers themselves. Because farm-
ers make input investment decisions
with an eye on the ultimate output
markets, reforming agricultural out-
put markets is an important way to
increase farmers’ use of improved
inputs such as fertilizer.*® The nascent
rice value chain in Uganda provides

a concrete example of this dynamic.
Since upland rice has only recently
been introduced in the country,
there are few rice mills and only one
industrial agro-processor of rice in
Uganda.*® The costs of transporting
rice between farms and these mills
was one of the main factors driving
over half of the farmers who had ini-
tially adopted this crop two years ear-
lier to abandon growing NERICA
rice.”’

Relatedly, low levels of invest-
ment in Uganda’s agriculture sec-
tor are in part due to coordination
problems between producers and
purchasers of agriculture products.
Smallholder farmers face uncertain
demand for output, which reduces
their incentives and ability to invest
in agricultural production. Agro-
processors face uncertain quantity
and quality of supply, which is
exacerbated by potential suppliers’
side-selling opportunities on agri-
cultural spot markets.*® In this way,
uncertainty about demand and supply
of commodities facing farmers and
agro-processors, respectively, reduces
their investment incentives. This
agricultural investment trap results
in only one-third of agricultural
production reaching domestic and

export markets.”’

Lacking spillovers from public agricultural
R&D

The public sector conducts the vast
majority of agricultural R&D in
Uganda, as in many least-developed
and low-income countries. These
investments focus primarily on
technologies to improve agricultural
productivity and sustainability. Yet
a number of factors, including the
lack of complementary investments
and capacity, hamper spillovers from
public research to private enterprises.
These spillovers and the interactions
and processes that generate them are
complex and dynamic. It is critical




that researchers and policy makers
better understand the drivers and
challenges inherent in generating
R&D spillovers, as well as the levels
and direction of agricultural R&D.

Creating an enabling environment for
agri-food innovation in Uganda
Uganda’s performance in previ-
ous editions of the GII attests to its
growing focus on innovation as a
driver of development in some of
its key sectors. Within the agricul-
ture sector, Uganda is prioritizing
investments in modern biosciences,
with a particular focus on disease
diagnostics, vaccine development,
crop productivity improvement, and
value addition.”® The government is
also taking steps (though small) to
improve institutional capacity, as evi-
denced by the growing importance of’
work of R&D institutions such as the
National Coffee Research Institute
(NaCORI) and others within the
National Agricultural Research
Organisation (NARO).

The growing focus and recent
measures taken by the government
for promoting innovations and value
addition in agro-based industries is
definitely a step in the right direction.
However, to truly stimulate growth,
the government needs to create an
enabling environment for agri-food
innovations by addressing obstacles
that impede value addition and inno-
vation in agri-food systems.

Among policy measures to
encourage innovation, governments
can establish intellectual property
rights (IPR) and maintain the insti-
tutions that enable these rights to be
used and enforced. An IPR regime
encourages innovation by allowing
inventors to recoup their invest-
ments through monopoly rents. The
agricultural industry typically relies
on patent protection, plant variety
protection, and trademarks.

In the past decade, Uganda has
taken some major strides towards
establishing a well-functioning IPR
regime in agriculture. The country
recently introduced its Plant Variety
Protection Act 2014 and became a
signatory to the International Treaty
on Plant Genetic Resources for
Food and Agriculture, to which it
acceded in 2003. It also enacted its
Geographical Indications Act 2013,
which provides protection and pro-
motes the value of its indigenous
and traditional agricultural produce.
Enhancing the instruments available
to both private and public players in
the agri-food sector to create viable
business opportunities based on
innovation could be a policy prior-
ity. At the most basic level, firms
will invest in innovation only if they
have a defensible strategy for build-
ing and maintaining a reputation that
attracts customers and differentiates
high-quality products and services.
The effective use of trademarks may
therefore play a role in improved
branding and longer-term invest-
ments in innovation. Uganda also
enacted its Trademark Protection Act
in 2010. Since then, compared with
other forms of intellectual property
(IP) protection—such as patents—
the use of trademarks has increased
rapidly. Furthermore, trademarks
are emerging as the preferred form
of protection in the agricultural and
food and beverage sectors because the
majority of trademark filings occur
within these sectors.”

In order to provide institutional
support for IP protection, Uganda has
mandated by law two institutions for
the formulation, administration, and
enforcement of IPR. The Uganda
Registration Services Bureau is
mandated with the registration of
IP instruments, and the Uganda
National Council for Science and
Technology is concerned with for-
mulating the national science and

technology policy and protection of
IPR. This demonstrates that Uganda
has the basic framework it needs to
promote formal agricultural invest-
ment in innovation.

However, to foster innovation in
agriculture, Uganda needs to define
its key innovation policy commit-
ments in this sector and involve a
larger actor base in the management
and promotion of IPR. An ongo-
ing World Intellectual Property
Organization (WIPO) study will
shed further light on the policy
options available to Uganda for
enhancing its IP regime and making
it more inclusive for the agriculture
sector (see Box 1).

Policies for supporting innova-
tion include fostering an enabling
environment and collective action.
The former typically relates to the
provision of public goods to address
market failures in transportation,
communication, and processing.
However, policies can also focus
on the small producers by aiming
to integrate them into the market
economy. Indeed, a strong agro-
processing sector, which is linked
to farmers, is an incentive for small
producers to invest more to increase
the productivity of their farms. These
links with agro-processing rely on a
combination of service provision,
as mentioned above; facilitation of
the private sector through financial
services and fiscal policy; and an
appropriate regulatory environment
achieved through standards, regula-
tions, and enforcement. Collective
action offers the possibility of lower
costs, a more reliable network, and
potentially higher profits.*> Umbrella
organizations play a major role in
marketing agricultural produce, pro-
viding access to training, and service
delivery from external organiza-
tions.”> They also provide an ideal
environment for knowledge transfer

and innovation as they link farmers
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Box 1: Innovation in the Agro-Based Industry in Uganda: Insights from coffee seed supply chains and tropical fruit processing

The Ugandan government has requested the
Economics and Statistics Division (ESD) of
the World Intellectual Property Organization
(WIPO) to conduct a study on innovation
in the agro-based industry in Uganda. Two
value chains have emerged as promising
and two focal links in these value chains have
emerged as particularly relevant for this study:
1. The seed/seedling supply chain in
the coffee value chain. Coffee has
always been an important cash crop

in the Ugandan agri-food sector. It has
endured the booms and busts of the
global coffee market as well as devastat-

ing diseases. Still, coffee yields continue

to be low by international standards (e.g.,
Robusta coffee yields in Viet Nam are, on
average, three to four times larger than
yields of the same coffee in Uganda).
Although there are several reasons for
this, the quality and suitability to local
agro-climatic conditions of the coffee
varieties and the level of input usage
play a central role. Getting high-quality

and suitable seedlings to farmers may
catalyse other investments. For example,

with similar interests. Finally, gov-
ernments can also engage in the
direct funding of agricultural R&D.
Public-private partnerships also sup-
port R&D, education, technology
transfer, and incremental problem
solving.™

The ongoing WIPO-Uganda
study titled ‘Innovation in the
Agro-Based Industry in Uganda:
An Empirical Study of Agricultural
Innovation in a Least Developed
Country’ (see Box 1) pays particular
attention to the policy options that
enhance spillovers from public R&D
to private enterprise and to innovation
and the productivity of the agri-food
sector more broadly.”® In particular,
the study aims to understand how
firm innovation processes could help
translate public R&D into improved
firm or household productivity and

investment in several inputs (i.e, fertilizer,
pesticides,and agronomic practices such
as planting, spacing, and intercropping)
is likely to be higher when a grower has
planted the varieties best suited to his
growing conditions (such as farm size,
soil type, and climate). Thus providing
better traceability and information along
the seed supply chain could create more
favourable incentives and induce more
on-farm investment. This focus aligns
well with the current agricultural agenda
of the Ugandan government, which has
set extremely ambitious coffee produc-
tion goals for the next several years.

2. Primary post-harvest processing—
especially drying and juicing—in the
tropical fruits value chain. Nearly every
Ugandan farmer grows tropical fruits of
some kind. Although fruits such as man-
gos, pineapples, and bananas can be
highly profitable, they are also perishable
and costly to transport. Moreover, mar-
kets for unprocessed fruit are typically
poorly integrated spatially and prices
often fluctuate wildly. Immediately

social returns. On this basis, the study
will apply existing findings to the
case of Uganda, and then analyse how
innovation and (formal and informal)
IP, and related policies, affect returns
on R&D investment.

The possibility of domestic spill-
overs to other sectors of the Ugandan
economy is particularly important in
this regard because these spillovers
are central to the economic develop-
ment and poverty alleviation process
that can be unleashed by investment
and innovation in the agri-food
sector. For this reason, the WIPO-
Uganda study will focus on domestic
innovation relevant to domestic and
regional agricultural varieties and
market opportunities. A variety of
specific policy solutions to questions
that will likely emerge throughout
the course of the study include (1)

after harvest prices can collapse locally,
with a glut of perishable fruit in mar-
kets and roadside stalls. In this context,
even rudimentary post-harvest process-
ing technologies can add significant
value; this has motivated innovative
activities in the public and private sector
among both formal and informal play-
ers. For example, the Food Technology
Incubator at Makerere University has
played an active role in developing and
diffusing these technologies and in pro-
viding the marketing and distributional
expertise required to form profitable
small and medium-sized enterprises in
this value chain.

Source

WIPO-Uganda study ‘Innovation in the Agro-
Based Industry in Uganda: An Empirical Study
of Agricultural Innovation in a Least Developed
Country".

ways to stimulate or import African
domestic research and technology
to solve local problems; (2) ways to
use local brands, local techniques,
local tools, local seeds, and local IP
to improve the efficiency and dyna-
mism of the agri-food sector; and (3)
ways to transfer promising research,
innovation, products, and even ser-
vices that emerge from the Ugandan
agri-food sector to neighbouring

markets in the surrounding region.

Conclusions

Uganda has been taking several mea-
sures designed to improve its perfor-
mance in the innovation rankings.
The GII rankings for the period 2013
through 2016 show Uganda to be a
consistent innovation outperformer

in comparison to other economies




at the same level of development.
However, for Uganda to translate
this success to economy-wide gains,
it needs to address constraints ham-
pering innovation and productivity
improvements in its agriculture sec-
tor. This chapter has outlined several
factors that impede value addition
and upgradation of its agriculture
value chains. It has also highlighted
some possibilities that could improve
the country’s agri-food innovation.
The policy measures required for
Uganda to improve its current inno-
vation standing focus on enhanc-
ing its institutions to promote and
protect IPR, foster innovation, and
provide an enabling environment
to cultivate collective action. The
ongoing WIPO-Uganda study seeks
to improve the understanding of
the role of innovation and IPR in
the Ugandan agriculture sector and
will identify key policy responses
that have the potential to enhance
the impact of agricultural R&D for
innovation and technology diffusion.
It will offer policy recommendations
and describe possible interventions
for enhancing innovation and agri-
business in Uganda by providing
empirical evidence from an analysis
of innovation in the value chain of

its key cash crop, coffee.

Notes

1 ‘Innovation achievers’ are countries for which
Gll scores are higher than expected, based
on their level of economic development
as measured by GDP per capita. ‘Pillar
outperformers’ are countries that outperform
their income group peers in four or more Gl|
pillars.

2 Ecuru and Kawooya, 2015.
3 World Bank, 2016.

4 World Bank, 2016; Uganda Ministry of
Agriculture, Animal Industry & Fisheries, 2010.

5 Trienekens, 2011.

6  Trienekens, 2011; Poulton and Macartney,
2012.

7 De Janvry and Sadoulet, 2005; Daviron and
Gibbon, 2002.

8  Webber and Labaste, 2010.
9  Kaplinsky et al.,, 2002.

10 LSMS-ISA, 2012.

11 FAOSTAT, 2014b.

12 FAOSTAT, 2014a.

13 FAOSTAT, 2015.

14 World Bank, 2011.

15 Ashour et al. 2016; Benson et al. 2012; Bold et
al. 2015.

16 Bensonetal, 2012.

17 Kasirye, 2007.

18  Munyambonera et al, 2014
19 Munyambonera et al,, 2014.
20 Vargas Hill, 2009.

21 Benson etal, 2012; Jansen et al,, 2013.
22 Stevenson et al, 2016.

23 Bulteetal, 2014.

24 World Bank, 2015.

25  Bensonetal, 2012.

26 World Bank, 2015.

27 New Rice for Africa (‘NERICA") is a cultivar
group of interspecific hybrid rice developed
by the Africa Rice Center (AfricaRice) to
improve the yield of African rice cultivars.
Kijima et al,, 2011.

28 Like financial spot markets, in agriculture spot
markets agricultural commodities are traded
for immediate delivery.

29  World Bank, 2011.

30  Ecuru and Kawooya, 2015.
31 WIPO, 2017.

32 Dorward et al, 2008.

33 Larsen et al, 2000.

34 Hall, 2006.

35  CDIP/14/7 Project on Intellectual Property
and Socio-Economic Development (Phase
2): WIPO-Uganda study ‘Innovation in the
Agro-Based Industry in Uganda: An Empirical
Study of Agricultural Innovation in a Least
Developed Country’. Kampala and Geneva:
Uganda National Council for Science and
Technology, Uganda National Council
for Science and Technology and, WIPO
Economics and Statistics Division.
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SPECIAL SECTION

Identifying and Ranking the World's Largest Clusters of Inventive Activity

KvLe BERGQuisT, CARSTEN FINK, and JuLio RaFFo, WIPO

The Global Innovation Index (GII)
has traditionally focused on the inno-
vation performance of countries. This
focus is rooted in the recognition that
innovation outcomes are determined
by factors—such as national policies,
laws and institutions, federal spend-
ing, and cultural ties—that operate
at the level of countries as a whole.
The country perspective will con-
tinue to be a central focus of the
GII. However, this emphasis masks
important differences in innova-
tion performance within countries,
because innovation activities tend to
be geographically concentrated in
specific clusters linked to a single city
or a set of neighbouring cities.
Adopting a cluster perspective
opens the door to better understand-
ing the determinants of innovation
performance that do not operate at the
country level—such as physical and
economic geography, sub-national
policies and institutions, social net-
works, and local labour market link-
ages. The GII has long recognized
that innovation hubs at the city or
regional level tend to be drivers of
innovation performance that deserve
an in-depth analysis." Unfortunately,
gaining empirical insight into the
comparative performance of indi-
vidual innovation clusters is chal-
lenging. There is neither a generally
accepted definition of what actually

constitutes an innovation cluster nor
an ‘off-the-shelf” list of such clusters
(see the section on assessing regional
innovation clusters in Chapter 1). In
addition, the geographical boundar-
ies of innovation clusters typically do
not correspond to the geographical
units for which governments or other
entities collect statistical data.

Seeking to overcome these chal-
lenges, this special section presents
an empirical approach to identifying
and ranking the world’s largest clus-
ters of inventive activity on the basis
of patent filings. Patent data offer
rich information on the location of
innovative activity. Many researchers
have already made use of these data
to study individual clusters or selected
clusters within a particular region.?
Our approach goes beyond existing
work by identifying and ranking
innovation clusters on an interna-
tionally comparable basis.

‘We presentourempiricalapproach
in several stages. We first describe the
patent data that underlie our research
and explain how we geocoded these
data to enable the identification of
clusters in the next section. We then
describe the algorithm we employed
to map clusters. Once identified, we
discuss how we measured the size of
the clusters and explore how sensitive
the resulting top 100 rankings are to

the algorithm’s input parameters. We

finally present the key characteristics
of the top 100 clusters as they emerge
from patent data, and end with a few
concluding remarks.

Description of patent data

Patents protect inventions that are
new, involve an inventive step, and
are capable of industrial application.
Innovators interested in obtaining
exclusive rights for their inventions
have to formally apply for protection
at authoritative offices. The patent
records of these offices thus offer
rich—and otherwise rare—infor-
mation on the nature of inventive
activity. Nonetheless, it is important
to point out at the outset that pat-
ent data provide only an incomplete
and imperfect perspective on overall
innovative activity. The well-known
limitations of patent data include the

following:’

* Patents (mostly) capture techno-
logical inventions and thus miss
out on non-technological inno-
vations—such as organizational
or logistical advances—that can
be an important source of pro-

ductivity gains in an economy.

* Patents do not capture all tech-
nological inventions because

inventors can also protect their

Comments and suggestions from Edward Harris, Yo Takagi, Sacha Wunsch-Vincent, Maryam Zehtabchi, and Hao Zhou are gratefully acknowledged. The views
expressed here are those of the authors, and do not necessarily reflect those of the World Intellectual Property Organization or its member states.
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inventions with trade secrets—
another option for protecting
inventions but not a perfect sub-
stitute.

e Some industries use the patent
system more intensively than
others, depending on the nature
of relevant technologies and pre-
vailing business strategies.*

e Some patents are more valuable
and technologically important
than others; indeed, research has
pointed to a highly skewed dis-
tribution of patent value, with
relatively few patents account-
ing for a high share of the overall

value of patents.’

Theselimitations do notmean that
patent data cannot usefully inform
innovation research. However, they
should be kept in mind when inter-
preting the cluster rankings described
in this section.

For our investigation, we rely on
patents published between 2011 and
2015 under the Patent Cooperation
Treaty (PCT) System, which is
operated by the World Intellectual
Property Organization (WIPO). The
PCT is an international cooperation
agreement that patent applicants use
when they seek patent protection
internationally. The System came
into force in 1978; by 2010, it had
142 members that together accounted
for more than 98% of national and
regional patent filings worldwide.’ In
a nutshell, by filing a patent applica-
tion under the PCT, applicants can
delay deciding whether and in which
countries they would like to pursue
exclusive rights for their inventions,
thereby saving in fees and legal costs.
In addition, the patent receives a first
evaluation, which similarly helps
applicants in their subsequent patent
filing decisions.”

Our reliance on PCT filing data
has two motivations. First, the PCT

System applies a single set of proce-
dural rules to applicants from around
the world and collects information
based on uniform filing standards.
This reduces potential biases that
would arise if similar information
was collected from different national
sources applying different rules and
standards. Second, PCT applica-
tions are likely to capture the most
commercially valuable inventions.
Patenting is a costly process, and the
larger the number of jurisdictions in
which a patent is sought, the greater
the patenting cost. An applicant will
seek international patent protection
only if the underlying invention gen-
erates a sufficiently high return—one
that is higher than for patents that are
filed only domestically.®

On the downside, not all pat-
ent applications for which applicants
pursue protection internationally go
through the PCT System, and not
every PCT application will eventually
result in a granted patent.” Systemic
differences in PCT use across coun-
tries, industries, and applicants may
thus introduce a measurement bias,
which—again—should be kept in
mind when interpreting our cluster

rankings.

Geocoding PCT inventor addresses
Between 2011 and 2015, approxi-
mately 950,000 applications were
published under the PCT System.
Each of these applications lists
the names and addresses of the
inventor(s) responsible for the inven-
tion described in the application. In
total, these amount to 2.7 million
addresses.

Previous work using patent data
assigned inventors to districts, pri-
marily on the basis of the postal codes
includedintheiraddresses.'” However,
this approach biases the identification
and measurement of clusters because
of the so-called modifiable areal unit

problem (MAUP)—the choice of
district boundaries exerting a strong
influence on the shape and size of
clusters."" The MAUP bias would be
compounded in our case, because we
seek to identify clusters on an inter-
nationally comparable basis and the
geographical units associated with
postal codes, for example, differ sub-
stantially in both characteristics and
size, both within and across countries.

For this reason, we geocoded
inventor addresses at a higher level
of accuracy—ideally at the rooftop
level—using the returns of Google
Maps. Although the quality of the
returns varied, we were able to obtain
highly accurate geo-coordinates for
most inventors.'” Table 1 presents a
summary of the geocoding results
for the top PCT-filing countries.
If Google Maps could not identify
a specific geocode associated with
an address, it typically returned an
approximate area where that address
is found. Extrapolating this informa-
tion we were able to categorize our
results into different accuracy scores.
For most countries, more than two-
thirds of the returned geocodes were
within a 100 metre accuracy radius
and more than 90% of the returns
were within a 25 kilometre radius,
which is the accuracy threshold we
employed for geocodes to be used
for identifying clusters.” Since patent
applications can list more than one
inventor, the share of PCT filings
with at least one inventor meeting
the accuracy threshold is even higher.

Density-based cluster identification
Researchers have used a variety of
methods to identify clusters from
raw spatial data, depending on the
nature of the data and the hypoth-
esized forces giving rise to cluster-
ing. These methods range from pure
visual identification to different kinds
of technical algorithms.




Table 1: Summary of geocoding results

Addresses (%)

Geocode accuracy of

Geocode accuracy of

Share of PCT filings

Geocode accuracy of covered by accurate

Country <100 m <10km <25 km geocodes (%)
Australia 84.6 96.6 97.3 979
Austria 92,5 97.6 98.9 99.1
Belgium 54.8 93.0 954 96.3
Canada 783 95.6 959 96.8
China 254 60.8 94.9 949
Denmark 922 94.1 94.1 95.5
Finland 85.3 92.1 93.0 95.2
France 85.2 933 94.2 96.8
Germany 96.8 97.9 97.9 98.7
Hungary 90.1 914 914 94.5
India 60.6 76.7 775 85.2
Israel 64.8 79.2 86.9 80.1
Italy 835 854 854 883
Japan 81.7 89.9 89.9 913
Malaysia 76.0 79.8 798 832
Netherlands 96.9 994 99.5 99.5
Norway 86.8 944 94.9 95.5
Korea, Rep. 34.7 786 89.4 89.3
Russian Federation 54.5 90.2 93.6 96.1
Singapore 78.1 79.0 79.0 84.5
Spain 66.1 96.0 98.8 98.8
Sweden 912 920 920 94.8
Switzerland 83.7 97.7 98.2 985
United Kingdom 70.7 97.5 97.8 98.2
United States of America 83.0 91.7 97.5 98.1

Source: WIPO IP Statistics Database, February 2017; Google Maps API, April 2017.

Having considered the alternative
options,'* we adopted the density-
based algorithm for discovering
clusters originally proposed by Ester
et al. (1996), also referred to as the
‘DBSCAN algorithm’. Two reasons
determined this choice. First, this
algorithm can account for inventor
address points that do not belong to
any cluster or ‘noise points’. This is
important for our dataset, because
patenting can occur outside of any
innovation cluster—by, say, single
‘garage inventors. Second, we are
interested in descriptively measur-
ing the innovation output of differ-
ent localities, while initially being

agnostic about what precisely drives

the formation of these clusters. The
DBSCAN algorithm allows us to
flexibly map clusters across countries
with varying physical and economic
geographies on the basis of the same
density criteria.

We performed the DBSCAN
algorithm on the geocoded inven-
tor locations. In doing so, we
treated multiple listings of the same
address—for example, a single inven-
tor being listed in multiple patent
applications—as separate data points.

The DBSCAN algorithm re-
quires two input parameters: the
radius of the cluster-identifying
circle around any given data point,

and the minimum number of data

points within that circle required for
them to be counted towards a cluster.
The choice of these input parameters
critically determines the shape and
size of identified clusters. We tested
various combinations of input pa-
rameters with three guiding criteria.
First, we focused on identifying the
world’s largest innovation clusters,
which calls for a relatively high-
density threshold. Second, we visu-
ally inspected the resulting clusters
to evaluate the extent to which they
correspond to intuitive notions of ex-
isting clusters. Third, we made use
of co-inventor relationships to evalu-
ate the fit of the identified clusters.
In particular, we gave preference to
parameters that minimized the share
of co-inventors outside the identified
cluster but located within 160 kilo-
metres of the cluster midpoint.

On the basis of these criteria,
we settled on baseline input param-
eters of 13 kilometres (radius) and
2,000 (minimum number of data
points), corresponding to a density
of approximately five listed inventors
per square kilometre.”” With these
parameter values, the DBSCAN
algorithm identified 162 clusters in
25 countries.

Although most clusters were
geographically separated from one
another, a few were contiguous.' In
order to decide whether to merge
these contiguous clusters into one, we
again made use of co-inventor rela-
tionships. In particular, we calculated
the share of a cluster’s co-inventors
belonging to all the other clusters
as well as to two noise categories—
namely, co-inventors located within
and beyond 80 kilometres of the
cluster midpoint not belonging to
any other cluster. We then merged
two clusters if two conditions were
met for at least one of the clusters:
first, the minimum distance between
any two points of the two clusters was
less than 5 kilometres; and second,
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the neighbouring cluster accounted
for the largest share of co-inventors
among all clusters worldwide plus the
two noise categories. This procedure
led to the merging of 16 contiguous
clusters into eight distinct clusters, so
that we ended up with 154 clusters
for our ranking."”

Measuring cluster size and sensitivity
analysis

We measured the size of the identi-
fied clusters by the number of PCT
applications associated with the data
points in a given cluster. In doing
so, we adopted a fractional counting
approach, whereby counts reflect the
share of a patent’s inventors present
in a particular cluster.”® For example,
a patent that lists three inventors in
cluster A and one inventor in cluster
B would contribute 0.75 to cluster A
and 0.25 to cluster B."”

Table 1 in Annex 2 presents the
resulting ranking of the top 100 clus-
ters. The top 100 clusters account for
59.0% of all PCT filings in 201115,
the period under consideration. We
named clusters according to the main
city or cities covered by the cluster.
Tokyo—Yokohama—with a wide
margin—emerges as the top-rank-
ing cluster, followed by Shenzhen—
Hong Kong (China), San Jose—San
Francisco, Seoul, and Osaka—Kobe—
Kyoto. These five clusters alone
account for 23.9 % of all PCT filings.

Figure 1 in Annex 1 depicts the
location of the top-100 clusters on a
world map, also showing the ‘raw’
inventor address data points. Figures
2—4 offer zoomed-in regional per-
spectives and Figures 5—7 depict the
shape of the top-3 clusters.”

The distribution of clusters across
countries is highly uneven. Seven
countries feature four or more clus-
ters in the top 100: the United States
of America (USA, has 31), Germany
(12), Japan (8), China (7), France

(5), Canada (4), and the Republic of
Korea (4). An additional 16 countries
host between one and three clusters.”
Among middle-income economies
other than China, India features three
clusters and Malaysia and the Russian
Federation each feature one. The top
100 do not include any cluster from
Latin America and the Caribbean,
Sub-Saharan Africa, or Northern
Africa and Western Asia.

The distribution of clusters within
countries is also uneven. Notably,
in the case of the USA, fewer than
half of the 50 states feature a cluster,
while California (CA), New York
(NY), and Texas (TX) each feature
three or more. Finally, note that
several clusters span more than one
territory—most notable of these is
the cluster located in the tri-border
region around Basel.

How sensitive is the ranking
presented in Table 1 in Annex 2
to different cluster-identifying input
parameters? We tested different
combinations of input parameters
and compared the results to our
baseline results. Two important
insights emerged. First, although
different input parameters influ-
ence the exact shape and size of
the clusters, the resulting rankings
were for the most part similar, with
clusters moving up or down only
a few ranks, especially for those
in the top 30.>” Tokyo—Yokohama
consistently emerged as the top
cluster. Second, two prominent
(sets of) clusters were particularly
sensitive to the chosen input para-
meters: New York and Frankfurt—
Mannheim either emerged as broad
in Table 1
in Annex 2 —or were divided

clusters—as shown

into smaller clusters associated
with the main population centres
within those two clusters. These
included Trenton, New Jersey (NJ);
Newark, NJ; and Armonk, NY,

for the former, and Wiesbaden,

Mannheim-Heidelberg, and Karl-
sruhe for the latter. Once divided,
the smaller clusters had lower ranks,
though Frankfurt and New York
typically remained within the top 30.

Cluster characteristics

As already mentioned, patent data
provide rich information on the
nature of inventive activity and we
can exploit these data further to char-
acterize the top 100 clusters. Table 2
in Annex 2 presents the largest patent
filing entity, the main field of tech-
nology, the share of universities and
public research organizations (PR Os),
the largest co-inventing cluster,” and
the share of women inventors associ-
ated with each cluster.

For most clusters, the largest pat-
ent applicant is a company, although
for several of them it is a univer-
sity—most notably the Massachusetts
Institute of Technology for the 8th
ranked Boston—Cambridge cluster.
Interestingly, several companies con-
stitute the top applicant for more than
one cluster. Ericsson stands out as the
largest applicant in five different clus-
ters. Siemens and Intel each appear
as the top applicant in four different
clusters.

There are pronounced differences
in the share of PCT filings accounted
for by a cluster’s top applicant. For
many clusters, this share stands below
10%, suggesting a high degree of
applicant diversity. For others, this
share is higher, pointing to a more
concentrated distribution of appli-
cants within clusters. Most notably,
Philips accounts for 85% of the 18th
ranked Eindhoven cluster, suggesting
a cluster largely revolving around a
single company.

Cluster diversity is also reflected
in the share of the main technological
field associated with a cluster’s patent
filings. For example, the 2nd ranked

Shenzhen—Hong Kong (China)




cluster has a strong focus on digital
communications, with around 41% of
patent filings falling into this technol-
ogy field. By contrast, the 1st ranked
Tokyo—Yokohama cluster appears
significantly more diversified, with
its main technology field—electrical
machinery, apparatus, and energy—
accounting for only 6.3% of its PCT
filings. The most prominent technol-
ogy field among the top 100 clusters
is medical technology—accounting
for the top field in 17 clusters—fol-
lowed by digital communication (16),
pharmaceuticals (15), and computer
technology (12). Overall, 18 different
technology fields—out of a total of
35—feature as the top field in at least
one cluster.

Interesting variation also exists in
the prominence of universities and
PROs among the top 100 clusters.
For some clusters—in particular,
Baltimore, Daejeon, Grenoble, Kuala
Lumpur, and Singapore—universi-
ties and PROs account for more than
one-third of PCT filings. In many
others, inventive activity largely
occurs in companies, with academic
institutions accounting for negligible
filing shares. Interestingly, many
clusters featuring medical technology
or pharmaceuticals as their top field
have relatively high university and
PRO shares, underlying the impor-
tance of science linkages in these two
fields.

How do the top 100 clusters
connect to one another? One way of
answering this question is to look at
co-inventors located outside a clus-
ter’s borders, specifically in the other
99 clusters. On this basis, Table 2 in
Annex 2 identifies a cluster’s most
important partner cluster—defined
as the cluster accounting for the larg-
est share of external co-inventors.
At least two interesting insights
emerge. First, distance and cluster
size—in line with the classic grav-
ity model of economists—can in

many cases explain the identity of
the top partner cluster. For example,
Tokyo—Yokohama is the top partner
cluster for all other clusters in Japan
and Seoul is the top partner cluster
for all other clusters in the Republic
of Korea. Second, the San Jose—San
Francisco cluster is by far the most
collaborative cluster, emerging as the
top partner in 24 cases, including 6
clusters located outside of the USA.

The value of the top partner’s
share of external co-inventors cap-
tures the diversity of partner clusters.
The low share for San Jose—San
Francisco confirms the high degree
of partner diversity for this cluster.
Conversely, many clusters in Japan
and the Republic of Korea show high
shares, pointing to a more confined
set of partners—possibly influenced
by language barriers.

The last column in Table 2 in
Annex 2 presents the share of women
inventors among all inventors located
in a particular cluster. As can be
seen, women inventors account for
fewer than one-third of all inven-
tors across all clusters. However,
there is substantial variation in the
extent of women’s participation;
among the top 10 clusters alone the
share ranges from 5.6% for Nagoya
to 28.9% for Shenzhen—Hong Kong
(China). Overall, the patterns shown
largely reflect prior insights on the
participation of women inventors:
clusters in China and the Republic
of Korea tend to be relatively more
gender equal, as are clusters for which
the main field of technology is either

pharmaceuticals or biotechnology. **

Concluding remarks

This special section has described an
empirical approach towards identi-
fying and measuring the size of the
world’s largest clusters of inventive
activity on the basis of international
patent filings. It provides a fresh

perspective on the spatial agglomera-
tion of innovative activity, relying on
a globally harmonized set of criteria.

Notwithstanding  the
surement progress offered by this

mea-

approach, it is important to view the
analysis presented here as a first step in
alonger-term effort to better capture
innovative activity at the sub-national
level. Our approach relies exclusively
on patent data, which are an imper-
fect metric for inventive activity
and an even less perfect metric for
innovative activity more broadly. In
addition, although the identification
and ranking of clusters is reasonably
robust to different input parameter
choices, the rankings should be used
with due caution. Aside from Tokyo’s
top rank, they are best interpreted as
orders of magnitude, with clusters
moving up and down a few ranks
depending on meaningful parameter
choices.

For the future, we aim to improve
and broaden the analysis presented
here in at least three ways. First, we
will seek to obtain more empirical
insights into the forces giving rise
to clustering and use these insights
to refine our cluster identification
approach. Second, we will analyse
clusters at the level of specific tech-
nologies and industries. Finally, we
will try to include other measures of
innovative activity—such as scientific
publications and the performance of
universities and firms—in the analy-
sis to obtain a more complete picture
of the innovation taking place across

the world’s largest clusters.

Notes

1 See especially the 2013 edition of the Gl on
the theme of ‘Local Dynamics of Innovation”.

2 See, for example, Boix and Galletto, 2007.

3 See PO (2015) for a practical guide on the
value and limitations of patent information
for empirical analysis and WIPO (2011) for
additional background on the economics of
the patent system.
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See, for example, Hall and Ziedonis, 2001.
See, for example, Gambardella et al., 2008.

The four largest economies that were not
party to the PCT System in 2010 were Saudi
Arabia, Argentina, the Bolivarian Republic of
Venezuela, and Pakistan. Saudi Arabia joined
in 2013. An applicant from a non-member
state can still file a PCT application if there is a
co-applicant from a member state. However,
non-membership generally has a negative
effect on the participation of applicants from
non-members in the System, which one
should keep in mind when interpreting the
rankings presented here. The 98% coverage
figure is an estimate based on national
patent filing statistics available in WIPO's IP
Statistics Data Centre (http:/ipstats.wipo.int).

See WIPO (2016) for a more detailed
description of the PCT System.

For other empirical investigations relying on
PCT data, see Miguelez and Fink (2013) and
Lax-Martinez et al. (2016).

In 2015, so-called PCT national phase entries
accounted for 57% of non-resident patent
filings worldwide (WIPO, 2016). However, this
figure understates the ‘market share’ of the
PCT, because it does not account for PCT
applications that do not see any subsequent
national phase entry.

See, for example, Maraut et al., 2008.

See Oppenshaw (1983) for the seminal
discussion of the MAUP.

For some jurisdictions, this required fine-
tuning the address feeds—mainly by
progressively removing information that
seemingly confused the API's address
matching algorithm, such as the applicant
name or outdated postal codes.

The choice of this threshold partly reflects the
reporting categories of the Google Maps API
and the choice of cluster density parameters,
as described in the next section.

For a recent review of clustering
methodologies, see Sharma et al,, 2016.

Since DBSCAN relies on latitude and
longitude coordinates to calculate the
distance between two points, the second
(inverse) geodetic problem implies
somewhat shorter distances the further away
those points are from the equator.

The presence of contiguous clusters partly
reflects the nature of the DBSCAN algorithm,
because this method has difficulties
accounting for obstacles—such as rivers

or train tracks—that cut through a cluster.
Imperfect geocodes—say, those with an
accuracy radius of only 25 kilometres—may
compound this problem because they often
lead to the same geocode covering a large
number of listed inventors. Our choice of

a relatively large radius (13 kilometres) for
DBSCAN minimizes but does not completely
overcome these problems.

20

21

22

23

24

In particular, we merged Alzenau with
Frankfurt—-Mannheim, Karlsruhe with
Frankfurt-Mannheim, Bonn with Cologne—
Dusseldorf, two separate clusters in Houston
clusters into a single entity, Sodertalje with
Stockholm, Takasaki with Tokyo-Yokohama,
and Tsukuba with Tokyo-Yokohama. In
addition, we merged Cheongju with Daejeon.
Although Daejeon was only the second
largest co-inventing cluster for Cheongju
after Seoul, this largely reflects the strong
presence of the Seoul cluster in the Republic
of Korea. Indeed, all other identified clusters
in the Republic of Korea feature Seoul as the
largest co-inventing cluster (see Table 2 in
Annex 2). It is also worth pointing out that
the merging of clusters had a negligible
influence on the overall ranking of clusters,
because at least one of the merging entities
was always small in size.

As alternative size measures, we also tested
the simple count of listed inventors belong
to a given cluster, and the (non-fractional)
number of patents associated with those
inventors. The resulting rankings correlated
closely with the ranking relying on the
fractional count for the top 35 clusters,
though it led to several sizeable rank shifts for
the remaining clusters that overall showed
smaller differences in size scores. We report
only rankings relying on fractional patent
counts because this is the conceptually most
appropriate size measure.

Our fractional counts ignore inventors for
which we obtained inaccurate geocodes (>
25 kilometres). For example, if a patent has
three inventors and the geocode for one
inventor is inaccurate, we assigned 0.5 scores
to the two inventors with accurate geocodes.
However, given the small share of listed
inventors and patents affected (see Table 1),
the resulting measurement bias is likely to be
small.

Note that the visualization of the Shenzhen—
Hong Kong (China) cluster is somewhat
misleading, as the relatively less accurate
geocoding results for China (see Table 1)
imply that many Chinese addresses are
associated with the same geocode; in fact
inventors located in Shenzhen account for

a far higher share of cluster points than
inventors located in Hong Kong (China).

This count of clusters assigns multi-territory
clusters to the territory accounting for the
largest share of PCT filings. Note that an
additional two countries—Norway and
Hungary—feature clusters that do not rank
among the top 100.

For this sensitivity analysis, we ignored
extreme parameter values that led to
counter-intuitive results—such as mega-
clusters spanning several hundred kilometres.

The "largest co-inventing cluster’ refers to
the cluster that appears most often as the
location of a listed co-inventor for patents
associated with a primary cluster.

See Lax-Martinez et al,, 2016.
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SPECIAL SECTION ANNEX 1

Maps of Clusters

Figure 1: Top 100 clusters worldwide

Source: WIPO IP Statistics Database, February 2017; Google Maps API, April 2017.
Map data: Google, INEGI 2017.
Note: Yellow colour represents noise; orange dots represent clusters.
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Figure 2: Regional clusters: Asia

Shanghai

Source: WIPO IP Statistics Database, February 2017; Google Maps API, April 2017.
Map data: Google, SK telcom, ZENRIN 2017.
Note: Colours have been assigned based on the colour of the nearest neighbours (in order to make clear the distinction between

Figure 3: Regional clusters: Europe
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Source: WIPO IP Statistics Database, February 2017; Google Maps API, April 2017.
Map data: Google, Inst. Geogr. Nacional, GeoBasis-DE/BKG 2017.
Note: Colours have been assigned based on the colour of the nearest neighbours (in order to make clear the distinction between

any two clusters).
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any two clusters).




Figure 4: Regional clusters: Northern America
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Source: WIPO IP Statistics Database, February 2017; Google Maps AP, April 2017.
Map data: Google, INEGI 2017.
Note: Colours have been assigned based on the colour of the nearest neighbours (in order to make clear the distinction between any two clusters).

Figure 5: Top-ranked cluster: Tokyo—Yokohama

Source: WIPO IP Statistics Database, February 2017; Google Maps API, April 2017.
Map data: Google, ZENRIN 2017.
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Figure 6: Second-ranked cluster: Shenzhen-Hong Kong (China)

o T p

Source: WIPO IP Statistics Database, February 2017; Google Maps AP, April 2017.
Map data: Google 2017.

Figure 7: Third-ranked cluster: San Jose—San Francisco

Source: WIPO IP Statistics Database, February 2017; Google Maps AP, April 2017
Map data: Google 2017.




SPECIAL SECTION ANNEX 2

Table 1: Cluster ranking

Rank Cluster name Territory(ies) Number of PCT filings
1 Tokyo-Yokohama Japan 94,079
2 Shenzhen-Hong Kong (China) China/Hong Kong (China) 41,218
3 SanJose-San Francisco, CA United States of America 34,324
4 Seoul Korea, Rep. 34,187
5  Osaka-Kobe-Kyoto Japan 23512
6  San Diego, CA United States of America 16,908
7 Beijing China 15,185
8  Boston-Cambridge, MA United States of America 13,819
9  Nagoya Japan 13,515

10 Paris France 13,461
11 New York, NY United States of America 12,215
12 Frankfurt-Mannheim Germany 11,813
13 Houston, TX United States of America 9,825
14 Stuttgart Germany 9,528
15 Seattle, WA United States of America 8,396
16  Cologne-Dusseldorf Germany 7,957
17 Chicago, IL United States of America 7,789
18  Eindhoven Netherlands/Belgium 7222
19 Shanghai China 6,639
20 Munich Germany 6,578
21 London United Kingdom 6,548
22 Tel Aviv Israel 5,659
23 Daejeon Korea, Rep. 5,507
24 Stockholm Sweden 5211

25 Los Angeles, CA United States of America 5,027
26 Minneapolis, MN United States of America 4,422
27 Portland, OR United States of America 4,146
28  Nuremberg-Erlangen Germany 4,049
29 lrvine, CA United States of America 3,965
30  Berlin Germany 3,632
31 Zurich Switzerland/Germany 3,615
32 Philadelphia, PA United States of America 3,172
33 Plano, TX United States of America 3,147
34 Helsinki-Espoo Finland 3,045
35 Singapore Singapore 2,996
36  Basel Switzerland/France/Germany 2,804
37 Raleigh-Durham, NC United States of America 2,775
38  Hitachi Japan 2,648
39 Copenhagen Denmark 2,613
40  Hamamatsu Japan 2,496
41 Washington, DC United States of America 2,491

42 Cincinnati, OH United States of America 2481

43 Bengaluru India 2479
44 Sydney Australia 2,380
45 Rotterdam-The Hague Netherlands 2,235
46 Atlanta, GA United States of America 2,162
47 Montreal, QC Canada 2,124
48  Toronto, ON Canada 2,094
49 Austin, TX United States of America 2,089
50 Lyon France 2,063

(Continued)
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Key indicators
Population (millions)

109

GDP (USS billions)

357

GDP per capita, PPP$
Income group. Lower-middle
Region Latin America and the Ca

Score 0-100
or value (hard data)
Global Innovation Index (out of 127).....cccerereererrerecrereeracnes 25.6

Innovation Output Sub-Index 187
Innovation Input Sub-Index 32.6
Innovation Efficiency Ratio 0.6
Global Innovation Index 2016 (out of 128) 25.2
1 Institutions 29.8
1.1 Political environment 41.1
1.1 Political stability & safety* 57.0
1.12  Government effectiveness* 253
1.2 Regulatory environment 6.2
1.2 Regulatory quality* 189
122 Rule of law* 5.8
123 Cost of redundancy dismissal, salary weeks®................82.3
13 Business environment 422
131 Ease of starting a business* 62.9
132 Ease of resolving insolvency* 423
133 Ease of paying taxes* 214
2 Human capital & research..........cccccevev000eee. 25.8
2.1 Education 50.3
2.1.1 Expenditure on education, % GDP......ssn /.3
212  Gov't expenditure/pupil, secondary, % GDP/cap.. ..184
2.13  School life expectancy, years n/a
214 PISA scales in reading, maths, & SCIENCE ...ccrvrvrrsrsrsririnn /A
215  Pupil-teacher ratio, secondary® 18.2
22 Tertiary education n/a
221 Tertiary enrolment, % gross. n/a
222 Graduates in science & eNgiNEering, %0 ... N/
223 Tertiary inbound mobility, % n/a
23 Research & development (R&D) 13
231 Researchers, FTE/mn pop.# 166.0

232 Gross expenditure on R&D, % GDPE. ...
233  Global R&D companies, avg. expend. top 3, mn SUS
234 QS university ranking, average score top 3*......nn.

3 Infrastructure 353
3.1 Information & communication technologies (ICTS)................ 445
3.1 ICT access® 437
312 ICT use* 27.2
313 Government’s online service* 493
3.14 E-participation® 576
32 General infrastructure 20.8
321 Electricity output, KWh/cap 829.1
322 Logistics performance* 8.7
323 Gross capital formation, % GDP 19.2
33 Ecological sustainability 40.6
331 GDP/unit of energy use 79
332 Environmental performance* 711
333 ISO 14001 environmental certificates/bn PPP$ GDP.............0.7

4 Market sophistication.........ccececercecrcceenenenns 46.2
4.1 Credit
4.1.1 Ease of getting credit*
412 Domestic credit to private sector, % GDP
413 Microfinance gross loans, % GDP...

6,465.3
income
ribbean

Rank
106
9
107
85
109

127 o
92
77
106

127
17
124
126

o

127
124

85
127

OO OO

O

85

52 @
11 @
57
n/a
n/a

76

n/a
n/a
n/a
n/a

99
79
93
43 O
75 O

102
88
95
92
86
70

117
98
120 O
92

80
72
69
74

63
24 @
104
52 @
1Te

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

701
712
713
714

7.2

7.2
722
723
724
725

7.3

731
732
733
734

Bolivia, Plurinational State of

Investment 0.1
Ease of protecting minority iNVESLOrs™.......crssnend 1.7
Market capitalization, % GDP% 164
Venture capital deals/bn PPPS GDP...wmmesssrinirin N/a
Trade, competition, & Market SCale........emescrsrrsens 559
Applied tariff rate, weighted mean, %......ricnni b8
Intensity of local competitiont 65.6
Domestic market scale, DN PPPS ... /84

Business sophistication ..........ccccecereceeeeenes 26.0

Knowledge workers 40.0
Knowledge-intensive employment, %% ............ovcnn15.2
Firms offering formal training, % firmMs™ ... 57.1
GERD performed by business, % of GDP....... N/a
GERD financed by business, %% 52
Females employed w/advanced degrees, % total..............n/a
Innovation linkages 136
University/industry research collaboration®...................23.8
State of cluster development’ 30.8
GERD financed by abroad, % 19
JV-strategic alliance deals/bn PPP$ GDP......rcriririenn0.0
Patent families 2+ offices/bn PPPS GDP.......rccriririnn0.0

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ... 0.
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs...........15.6

Knowledge creation 2
Patents by origin/bn PPP$ GDP# 0.1
PCT patent applications/bn PPPS GDP.........cvvmrmisienn. N/

Utility models by origin/bn PPP$ GDP%: ...
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 279
Growth rate of PPPS GDP/WOTKET, %o 2.8
New businesses/th pop. 15-64
Computer software spending, % GDP.... |
ISO 9001 quality certificates/bn PPP$ GDP 3.1
High- & medium-high-tech manufactures, %%...................0.1

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade.. |
ICT services exports, % total trade ... 1

FDI net outflows, % GDP 0.0

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP#:
Industrial designs by origin/bn PPP$ GDP* |
ICTs & business model creation ...

ICTs & organizational model creation™ ... 36.1
Creative goods & services 16.2
Cultural & creative services exports, % of total trade............... 0.1
National feature films/mn pop. 1569 ....wmmrsssrimrie0.9
Global ent. & media market/th pop. 15-69 n/a
Printing & publishing manufactures, %% .. A1

Creative goods exports, % total trade ... 1.3

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cccwece.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 15=69.......mmmnsnn

112
105

65
n/a

89
87
79
81

98
56
86
11

n/a
77

n/a

125

120

119

104

109

109

115

61
81
n/a
56
35

93
80
89
93
n/a

O 0O

—_
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B3 Bosnia and Herzegovina
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THE GLOBAL INNOVATION INDEX 2017

Key indicators 42 Investment 84 73
Population (millions) 38 421 Ease of protecting minority iNVEStOrs™........sinnn 550 75
GDP (US$ billions) 16.5 422 Market capitalization, % GDP% 122 74
GDP per capita, PPP$ 10,491.8 423 Venture capital deals/bn PPP$ GDP.......cociiceN/a - N/a
Income group Upper-middle income 43 Trade, competition, & Market SCale........eeeesesr. 558 91
Region Europe 431 Applied tariff rate, weighted Mean, % 1.1 14
432 Intensity of local competitiont 576 110
score 0-100 433 Domestic market scale, bn PPPS .....ccvsscisnnnnd2.5 96
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....c.cccererrerenrereerennennee 30.2 86 5 Busi histicati 274 90
Innovation Output Sub-Index 193 9% : ; u5|‘ndess SO[k.) ISTICATION ...cceevecinncinnccnnnccnnnene ’ . ;
Innovation Input Sub-Index a1 75 ; : Kmowledge workers I o 2;(/) gg)
Innovation Efficiency Ratio 05 112 0 5.1 .2 F‘now eﬁgg-mtfenswien.wp. oyr(r;egt, 0524 "
. . irms offering formal training, % fiIrMS ... 52.
Global Innovation Index 2016 (out of 128 296 8
( ) 513 GERD performed by business, % of GDP.........crrirnnn0.1 66
. 1. i 9 31.
1 Institutions 56.8 71 21: SERD‘ﬁnanceld bydb“j'r;ess' A)d ; R ;; :?
. Political environment 105 94 . emales employed w/advanced degrees, % total.................3.
1.1 Political stability & safety* 529 86 52 Innovation linkages 239 80
1.1.2  Government effectiveness* 282 97 521 University/industry research collaboration®..................296 105
i 3
13 Regulatory environment 659 50 522  State of cluster development 58 99
- 523  GERD financed by abroad, % 169 25
121 Regulatory quality 375 80 o
524 JV-strategic alliance deals/bn PPPS GDP....riciirnene0.0 56
122 Rule of law* 0975 525  Patent families 2+ offices/bn PPP$ GDP 02 56
123 Cost of redundancy dismissal, salary weeks....ciinnn 9.2 26 @ - Trmmmm—™”
1.3 Business environment 640 80 ;; rrlolvlvk‘tdg(“ absorptt\om s % total trad 1;8
13.1 Ease of starting a business* 651 122 O - n' ellec ua' property paymen 5, 7o total trade .
o 532 High-tech imports less re-imports, % total trade. X 84
132 Ease of resolving insolvency* 669 38 @ S
133 Fase of baving taxes* 601 5 533 ICT services imports, % total trade ... 0. 79
o paying ’ 534  FDInetinflows, % GDP. 80
) o ) )
2 Human capltal & research o413 39 535 Research talent, % in business eNterprise ... mmnd. 71
2.1 Education 90.2 M
2.1.1  Expenditure on education, % GDP......comsnnn /@ N/a gW Eﬂgoy:(!z:lg:fintechnology outputs..........1 73; 9831
212 Gov't expenditure/pupil, secondary, % GDP/cap..............n/a n/ ‘ ege crese '
OVt SXPENCITUIEZPUPT, secondary, 7 cap e nfa 6.1.1  Patents by origin/bn PPP$ GDP%" 10 62
213 School life expectancy, years n/a n/a o
) ) ) 6.1.2 PCT patent applications/bn PPPS GDP.........cmrvesisienennn0.1 66
214 PISA scales in reading, maths, & SCIENCE ..o N/A - N/ . .
) ) 6.1.3  Utility models by origin/bn PPP$ GDP....... n/a
215 Pupil-teacher ratio, secondary 10.1 26 @ L . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 66
2.2 Tertiary education 314 76 6.15  Citable documents H index 30 110
221 Tertiary enrolment, % gross. n/a n/a 62 Knowledge impact 277 8
. now! | .
222 Graduates in science & engineering, % ... 154 84 ‘ 9 pa
- . 6.2.1 Growth rate of PPPS GDP/WOTKET, %.....cwccscvrvrssinn 1.3 46
223 Tertiary inbound mobility, % 5 250 )
6.2.2 New businesses/th pop. 15-64 77
23 Research & development (R&D) 2 92 623  Computer software spending, % GDP... 89
231 Researchers, FTE/mn pop. 69 6.24  1SO 9001 quality certificates/bn PPP$ GDP 20
232 Gross expenditure on R&D, % GDP .o 88 62.5  High- & medium-high-tech manufactures, %%........c....0.1 79
233 Global R&D companies, avg. expend. top 3, mn SUS 43 O
o p, 165 Vg, expen P n 6.3 Knowledge diffusion 94
234 QS university ranking, average score top 3*....... 75 O )
6.3.1 Intellectual property receipts, % total trade...... 42
1 - - 0y
3 Infrastructure 369 96 6.3.2 High te;h exports less re-exports, % total trade.. . 63
) . ) 633 ICT services exports, % total trade ... - 60
3.1 Information & communication technologies (ICTS)............... 489 81 634 FDI net outf % CDP 29
311 ICT access* 578 74 - netoutriows %
312 ICT use* 421 66 .
313 Government's online service* 449 94 771 ‘Ctrea,ta,e Ol.:tputs 1912
S ntangible assets
3.14 E-participation® 508 87 i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP......... 88
32 General infrastructure 255 106 712 Industrial designs by origin/bn PPP$ GDP 0. 75
321 Electricity output, kWh/cap 42304 50 713 ICTs &business model creation™ ... 116
322 Logistics performance® 247 95 714  ICTs & organizational model creation™ ... 384 110
323 Gross capital formation, % GDP 171 103 - ,
7.2 Creative goods & services 112 85
33 Ecological sustainability 362 9 721 Cultural & creative services exports, % of total trade............00 81
33.1  GDP/unit of energy use 45 108 O 722 National feature films/mn pop. 15-69.......csssnnnnd 8 40
332  Environmental performance* 633 98 723  Global ent. & media market/th pop. 15-69 n/a
333 1SO 14001 environmental certificates/bn PPP$ GDP............3.7 28 @ 724 Printing & publishing manufactures, %% ... . 63
725  Creative goods exports, % total trade .........nnn0.3 65
4 Market sophistication........ccccceeeveeeverreneenn. 3.4 79 . o - P
V|
Lt oo 731 Gm o Cfa eve domains (TLDs)/th pop. 15-69 24 73
R Ease of getting credit* 650 40 7.3,2 Cene:c opd eﬁD ;)tr;:ams s 29 pop. 70 C
412 Domestic credit to private sector, % GDP........nnn53.7 64 7’3‘3 V\/?l:geréiacoed?ts/mrsw ponWpé ég 60 43
413 Microfi loans, % GDP 12 23 @ b o '
cronnance gross foans, % 734 Video uploads on YouTube/pop. 15-69...... 232 55

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.




Key indicators

Population (millions) 23
GDP (US$ billions) 10.9
GDP per capita, PPP$ 16,368.2
Income group. Upper-middle income
Region Sub-Saharan Africa

Score 0-100
or value (hard data)

Global Innovation Index (out of 127).....cccecereerernerecrerneracnes 30.0

Innovation Output Sub-Index 16.4
Innovation Input Sub-Index 43.6
Innovation Efficiency Ratio 0.4
Global Innovation Index 2016 (out of 128) 29.0
1 Institutions 68.6
1.1 Political environment 721
1.1 Political stability & safety* 88.8
1.12  Government effectiveness* 553
1.2 Regulatory environment 64.6
1.2.1 Regulatory quality* 54.5
122 Rule of law* 57.9
123 Cost of redundancy dismissal, salary weeks........nn 2 1.7
1.3 Business environment 69.1
1.3.1 Ease of starting a business* 76.2
132 Ease of resolving insolvency* 50.5
133 Ease of paying taxes* 80.6
2 Human capital & research..........cccecereueeeee. 32.0
2.1 Education 68.3
2.1.1 Expenditure on education, % GDP ... 9.6
212  Gov't expenditure/pupil, secondary, % GDP/cap®......... 420
213 School life expectancy, years®: 12.1
214 PISA scales in reading, maths, & SCIENCE ..cvrrrersrsrsrisirsnn N/
215  Pupil-teacher ratio, secondary® 138
22 Tertiary education 24.1
221 Tertiary enrolment, % gross®* 275
222 Graduates in science & eNgiN€ering, % ... 1 7.5
223 Tertiary inbound mobility, %% 16
23 Research & development (R&D) 3.6
231 Researchers, FTE/mn pop.2* 1755
232 Gross expenditure on R&D, % GDPE. ... 0.5
233  Global R&D companies, avg. expend. top 3, mn SUS 0
234 QS university ranking, average score top 3*........nn0.0
3 Infrastructure 41.0
3.1 Information & communication technologies (ICTS)..............2 33.2
3.1 ICT access® 433
312 ICT use* 326
313 Government’s online service* 283
3.14 E-participation® 288
32 General infrastructure 42.8
321 Electricity output, KWh/cap 1,064.4
322 Logistics performance* 454
323 Gross capital formation, % GDP 304
33 Ecological sustainability 46.8
331 GDP/unit of energy use 123
332 Environmental performance* 70.7
333 ISO 14001 environmental certificates/bn PPP$ GDP.............0.3
4 Market sophistication........ccececercecreceenennnnn 49.3
4.1 Credit 338
4.1.1 Ease of getting credit* 55.0
412 Domestic credit to private sector, % GDP 339
413 Microfinance gross loans, % GDP...

Rank
89
m

59
121
90

46
36
12
43

50
39
93

71
113
59
46

109
107

91
56
17

57
25
72
103

52
68
67
95

n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

4.2.1
422
423

43

4.3.1
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525

53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

701
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Botswana

Investment 55.0
Ease of protecting minority iNVESLOrs™........rrsrinnnn 55.0
Market capitalization, % GDP n/a
Venture capital deals/bn PPPS GDP....wmmcsssrisirie N/a
Trade, competition, & market SCale......eesoeseeseesre .59.0
Applied tariff rate, weighted mean, %.......iiennn0.5
Intensity of local competitiont 712
Domestic market scale, bn PPPS$ 36.5

Business sophistication .........ccceceeeececenenenns 27.1
Knowledge workers 344
Knowledge-intensive employment, %% ............ocnn17.8
Firms offering formal training, % firms
GERD performed by business, % of GDP’
GERD financed by business, %% ............

Females employed w/advanced degrees, % total

Innovation linkages 1.2
University/industry research collaboration®...................40.2
State of cluster development® 40.6
GERD financed by abroad, % 217
JV-strategic alliance deals/bn PPP$ GDP.......cwcririenn0.1
Patent families 2+ offices/bn PPP$S GDP%.......cmmmrrirnO.1

Knowledge absorption
Intellectual property payments, % total trade®
High-tech imports less re-imports, % total trade. .
ICT services imports, % total trade® ... O.
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs...........15.6

Knowledge creation 8
Patents by origin/bn PPP$ GDP% 0.1
PCT patent applications/bn PPPS GDP.......ccscssrinnnnn0.0

Utility models by origin/bn PPP$ GDP%: ...
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 290
Growth rate of PPPS GDP/WOTKET, %....cvvvrrrsrssrirsrsrsnnn N/
New businesses/th pop. 15-64
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP |
High- & medium-high-tech manufactures, %...............N/a

Knowledge diffusion
Intellectual property receipts, % total trade...
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade®:

FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP#:
Industrial designs by origin/bn PPP$ GDP*
ICTs & business model creation®

ICTs & organizational model creation™ ... 413
Creative goods & services .1
Cultural & creative services exports, % of total trade.............n/a
National feature films/mn pPop. 1569 ....wmcssminne N/

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, % .
Creative goods exports, % total trade ... 0.2

Online creativity 55
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69.........c.
Wikipedia edits/mn pop. 15-69%
Video uploads on YouTube/pop. 15-69.

[23]

75
n/a
n/a

75
6
49
103

91
76

19
62
65

17

102

105

119

114
110
102
89
92
106

[102]
n/a
n/a
n/a
n/a

76

109
94
73

111

n/a
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Key indicators
Population (millions) 209.6
GDP (US$ billions) 1,769.6
GDP per capita, PPP$ 15,614.5
Income group. Upper-middle income
Region Latin America and the Caribbean
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....c.cccerereerenrereerenrenee 33.1 69
Innovation Output Sub-Index 227 80
Innovation Input Sub-Index 435 60
Innovation Efficiency Ratio 0.5 99
Global Innovation Index 2016 (out of 128) 332 69
1 Institutions 51.8 91
1.1 Political environment 460 80
1.1 Political stability & safety* 546 80
1.12  Government effectiveness* 373 81
1.2 Regulatory environment 60.2 72
1.2.1 Regulatory quality* 367 83
122 Rule of law* 338 71
123 Cost of redundancy dismissal, salary weeks.....nn 154 62
1.3 Business environment 491 123
131 Ease of starting a business* 650 123
132 Ease of resolving insolvency* 492 62
133 Ease of paying taxes* 330 124
2 Human capital & research............c.ee0e0.0e... 35.9 50
2.1 Education 493 56
2.1.1 Expenditure on education, % GDP 60 21
212 Gov't expenditure/pupil, secondary, % GDP/cap ...l 216 48
2.13  School life expectancy, years 153 41
214  PISA scales in reading, maths, & SCIENCE v 3950 64
215  Pupil-teacher ratio, secondary® 167 73
22 Tertiary education 211 101
221 Tertiary enrolment, % gross®* 493 53
222 Graduates in science & engineering, % ... 120 96
223 Tertiary inbound mobility, %% 02 100
23 Research & development (R&D) 372 29
231 Researchers, FTE/mn pop.2* 55
232 Gross expenditure on R&D, % GDPE. ..o 32
233  Global R&D companies, avg. expend. top 3, mn SUS 21
234 QS university ranking, average score top 3*......n. 24
3 Infrastructure 48.3 57
3.1 Information & communication technologies (ICTS)................ 666 41
3.1 ICT access*® 642 66
312 ICT use* 560 47
313 Government’s online service* 732 37
3.14 E-participation® 729 37
32 General infrastructure 309 91
321 Electricity output, KWh/cap 28660 63
322 Logistics performance* 474 54
323 Gross capital formation, % GDP 180 98
33 Ecological sustainability 475 52
331 GDP/unit of energy use 101 47
332 Environmental performance* 789 45
333 ISO 14001 environmental certificates/bn PPP$ GDP............1.0 65
4 Market sophistication........cccccecvvcecrcirenennn. 44.2 - 74
4.1 Credit 4.1 102
4.1.1 Ease of getting credit* 450 84
412 Domestic credit to private sector, % GDP.....innnn67.9 44
413 Microfinance gross loans, % GDP 00 62

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

4.2.1
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
6.34

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Investment 73
Ease of protecting minority INVESLOrS™........rrsrsrnnnn65.0
Market capitalization, % GDP 276
Venture capital deals/bn PPPS GDP....wmmcrissrisirinn0.0
Trade, competition, & Market SCale........emeseesorsoe AR
Applied tariff rate, weighted mean, %.........nn8.3
Intensity of local competitiont 710
Domestic market scale, DN PPPS .....scsminisicnnn 3,134.9

Business sophistication .........cccceceeeeerenenenn. 37.2

Knowledge workers 417
Knowledge-intensive employment, %% ... 21.6
Firms offering formal training, % firmMs™ ... d2.2
GERD performed by business, % of GDP.....cc. N/a
GERD financed by business, %% 364
Females employed w/advanced degrees, % total®’ SR |
Innovation linkages 280
University/industry research collaboration® ............374
State of cluster development’ 49.3
GERD financed by abroad, % n/a
JV-strategic alliance deals/bn PPP$ GDP......rcriririenn0.0
Patent families 2+ offices/bn PPPS GDP.....cwmmmicrirn0.1

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ...
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs........... 18.9

Knowledge creation 16.7
Patents by origin/bn PPP$ GDP 1.5
PCT patent applications/bn PPPS GDP.......ccsssiirnnnn0.2

Utility models by origin/bn PPP$ GDP.......
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 18.8
Growth rate of PPPS GDP/WOrKer, %......oooeeveeeeseesersersrenn (A1)
New businesses/th pop. 15-64
Computer software spending, % GDP..... |
ISO 9001 quality certificates/bn PPP$ GDP 55
High- & medium-high-tech manufactures, %% ..................0.4

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation®

ICTs & organizational model creation” ... 513
Creative goods & services 7.0
Cultural & creative services exports, % of total trade...............0.1
National feature films/mn pop. 1569 .....wmmesssrinirien0.9

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. |
Creative goods exports, % total trade ... 0.2

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cmce.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569

78
31
51
48

32
108
51

43
52
67
29

n/a
42
66

63
84
43
n/a
90
61

29

22
45
41
49

85
50
56
52
29
55
23

106
109
39
72
60
21

67
34
38
92
57

83
81
57
61
71
69

99
56
82
40
77
72

55
86
43
67
29



Key indicators

Population (millions) 0.4
GDP (US$ billions) 10.5
GDP per capita, PPP$ 79,587.0
Income group High income
Region South East Asia, East Asia, and Oceania

Score 0-100
or value (hard data)
Global Innovation Index (out of 127).....cccerereecernerecerneracnes 32,9

Innovation Output Sub-Index 16.5
Innovation Input Sub-Index 49.3
Innovation Efficiency Ratio, 03
Global Innovation Index 2016 (out of 128) n/a
1 Institutions 77.2
1.1 Political environment 81.2
1.1 Political stability & safety* 93.1
1.12  Government effectiveness* 69.2
1.2 Regulatory environment 79.0
1.2 Regulatory quality* 63.7
122 Rule of law* 524
123 Cost of redundancy dismissal, salary weeks.......nnn8.0
13 Business environment 714
131 Ease of starting a business* 86.7
132 Ease of resolving insolvency* 55.1
133 Ease of paying taxes* 724
2 Human capital & research.........ccccecvevneee. 31,1
2.1 Education 46.3
2.1.1 Expenditure on education, % GDP......sssnsnnn 3.
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 20.1
2.13  School life expectancy, years 14.7
214 PISA scales in reading, maths, & SCIENCE ..cvrvvrsrrsriririnn N/
215 Pupil-teacher ratio, secondary 8.8
22 Tertiary education 47.0
221 Tertiary enrolment, % gross. 308
222 Graduates in science & engineering, % ... 34.0
223 Tertiary inbound mobility, % 4.9

23 Research & development (R&D)
231 Researchers, FTE/mn pop.
232 Gross expenditure on R&D, % GDP ..o
233 Global R&D companies, avg. expend. top 3, mn SUS
234 QS university ranking, average score top 3*......nn.

3 Infrastructure 494
3.1 Information & communication technologies (ICTS)................ 475
3.1 ICT access*® 721
312 ICT use* 29.7
3.1.3 Government’s online service* 50.7
3.14 E-participation® 373
32 General infrastructure 61.3
321 Electricity output, KWh/cap 10,728.6
322 Logistics performance* 373
323 Gross capital formation, % GDP 409
33 Ecological sustainability 394
331 GDP/unit of energy use 7.8
332 Environmental performance* 67.9
333 ISO 14001 environmental certificates/bn PPP$ GDP.............0.9

4 Market sophistication.........cceceeercecrecienennns. 48.5
4.1 Credit 379
4.1.1 Ease of getting credit* 60.0
412 Domestic credit to private sector, % GDP
413 Microfinance gross loans, % GDP...

Rank
n
110

40
124
n/a

101

66

54
55

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1
5.1.1
512
513
514
515
52
521
522
523
524
525
53
531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Brunei Darussalam B

Investment 517 [28]
Ease of protecting minority iNVEStOrs*........n 51.7 86
Market capitalization, % GDP n/a n/a
Venture capital deals/bn PPPS GDP......mrissnc: N/a - N/A
Trade, competition, & Market SCale.......coesersorsen 559 90
Applied tariff rate, weighted mean, %% .......ccvssinnnn0.5 50
Intensity of local competitiont 600 102
Domestic market scale, bn PPPS$ 337 106

Business sophistication.......ccccccececeeenenenee. 40.2 - 34

Knowledge workers 71.0 [7]
Knowledge-intensive employment, %%.........rnn40.5 25 @
Firms offering formal training, % firmMs........mmm. N/a - N/a
GERD performed by business, % of GDP......ccN/a N/
GERD financed by business, % n/a n/a
Females employed w/advanced degrees, % total.......c......n/a  n/a
Innovation linkages 280 64
University/industry research collaboration®.....................384 79
State of cluster development® 489 47
GERD financed by abroad, % n/a n/a
JV-strategic alliance deals/bn PPP$ GDP......rciinnn0.0 93 O
Patent families 2+ offices/bn PPPS GDP...rciinnn0.1 63
Knowledge absorption 115 O
Intellectual property payments, % total trade® 91
High-tech imports less re-imports, % total trade. X 96
ICT services imports, % total trade ... 0.3 113 O
FDI net inflows, % GDP 56
Research talent, % in business enterprise ... n/a

Knowledge & technology outputs...........13.6 114 o

Knowledge creation 4.1 98
Patents by origin/bn PPP$ GDP# 08 68
PCT patent applications/bn PPPS GDP........crsssrnnnn0.1 56
Utility models by origin/bn PPP$ GDP....... n/a
Scientific & technical articles/bn PPP$ GDP .. 88
Citable documents H index 116 O
Knowledge impact 29 [125]
Growth rate of PPPS GDP/WOTKET, %......coocncvrvrsnnn /A N/A
New businesses/th pop. 15-64 n/a
Computer software spending, % GDP.... n/a
ISO 9001 quality certificates/bn PPP$ GDP 31 79
High- & medium-high-tech manufactures, %............e....00 99 O

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade®

FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP#:

Industrial designs by origin/bn PPP$ GDP*
ICTs & business model creation®
ICTs & organizational model creation ...

Creative goods & services 45 [110]
Cultural & creative services exports, % of total trade............n/a  n/a
National feature films/mn pop. 1569 ... /@ N/A
Global ent. & media market/th pop. 15-69 n/a
Printing & publishing manufactures, %% .. | 91 O
Creative goods exports, % total trade ... 0.1 85
Online creativity 78
Generic top-level domains (TLDs)/th pop. 15-69 47
Country-code TLDs/th pop. 15-69....cce. 82
Wikipedia edits/mn pop. 15-69 81
Video uploads on YouTube/pop. 15-69. n/a
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Key indicators 42 Investment 87 70
Population (millions) 7.1 421 Ease of protecting minority INVESTOrS™ .../ 3.3 13
GDP (USS billions) 504 422 Market capitalization, % GDP% 144 69
GDP per capita, PPP$ 19,097.3 423 Venture capital deals/bn PPPS GDP.....civnssinnnn0.0 76
Income group Upper-middle income 43 Trade, competition, & Market SCale........ e 625 60
Region Europe 431 Applied tariff rate, weighted Mean, ... 1.6 23
432 Intensity of local competitiont 603 98

score 0-100 433 Domestic market scale, bn PPPS ... 1431 69

orvalue (hard data) ~ Rank

Global Innovation Index (out of 127).....cccecerereerenrereerennenne. 42.8 36

Innovation Output Sub-Index 81 D 5 Bu5|‘ndess sot)hlstlcatlon ORI . § I SC
Innovation Input Sub-Index 476 45 ; : E”O\Nledge workers | . ;&;13 j;
Innovation Efficiency Ratio 8 5 e 5.1 .2 F‘now eﬁgg-mtfensmleterr.\p. oyr(r;egt, 0427 .
. . irms offering formal training, % firMS.......mn 42,
Global Innovation Index 2016 (out of 128 414 38
{ ) 513 GERD performed by business, % of GDP......n0.7 26
s i %F 223
1 Institutions 67.1 52 514  GERD financed by business, % 59
. ) . - 5.1.5  Females employed w/advanced degrees, % total......c.....19.7 24
1.1 Political environment 560 55
1.1 Political stability & safety* 642 58 52 Innovation linkages 446 21
1.1.2  Government effectiveness* 477 58 5.2.1 University/industry research collaboration®...................397 71
t
1.2 Regulatory environment 724 40 022 state of cluster developmentﬂ e
- 523  GERD financed by abroad, %% 50.9 3
1.2.1 Regulatory quality 563 47 o
122 Ruleof law® 358 67 524  JV-strategic alliance deals/bn PPPS GDP...cciiee 00 42
123 Cost of redundancy dismissal, salary weeks......ccienn86 20 @ 525 Patent families 2+ offices/bn PPPS GDP 03 6
1.3 Business environment 730 59 ;; ‘K:olvlv\céjgc‘* absorptt\om s % total trad 2;
131 Ease of starting a business* 868 67 - n' erec ua. property paymen >, Jototaltrade..
o 532 High-tech imports less re-imports, % total trade. . 72
132 Ease of resolving insolvency* 504 45 o
133 Fase of paving taxes* 28 65 533 ICT services imports, % total trade ... 65
o paying ’ 534  FDInetinflows, % GDP. 44
) o ) )
2 Human capltal & researchon33.7 56 535 Research talent, % in business enterprise.......nnn. 386 35
2.1 Education 47.1 63
2.1.1  Expenditure on education, % GDP.......omsmmsmnnnit] 80 O gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs ....cve. 32'? 34?)
. wie > Cl IC .
212 Gov't expenditure/pupil, secondary, % GDP/Cap ....counn222 44 wiecg .
) 6.1.1 Patents by origin/bn PPP$ GDP 23 43
2.13  School life expectancy, years 149 51 612 PCT patent lications/bn PPPS GDP 04 40
214  PISA scales in reading, maths, & sCienCe....incen439.6 45 O o - patent applica .\o.ns " Trmmm—”™ —
) ) . 6.1.3  Utility models by origin/bn PPP$ GDP........ 15
215 Pupil-teacher ratio, secondary® 132 52 7 . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 50
22 Tertiary education 407 45 6.1.5  Citable documents H index 50
221 Tertiary enrolment, % gross. 739 21 @ 62 Knowledae impact 495 12
. NOowWI | .
222 Graduates in science & engineering, % ... 20.1 56 9 P
- . 6.2.1 Growth rate of PPPS GDP/WOTKET, %.....cccncsririiinnnnn 2.6 27
223 Tertiary inbound mobility, % 42 44 .
6.2.2 New businesses/th pop. 15-64 13
23 Research & development (R&D) 132 52 623  Computer software spending, % GDP.... 48
231 Researchers, FTE/mn pop. 19894 39 624 1509001 quality certificates/bn PPP$ GDP 3
232 Gross expenditure on R&D, % GDP .. 1.0 38 6.2.5  High- & medium-high-tech manufactures, %............cc.02 57
233 Global R&D companies, avg. expend. top 3, mn SUS 0 43 O e
R . 6.3 Knowledge diffusion 60
234 QS university ranking, average score top 3*...nn0.2 66 )
6.3.1 Intellectual property receipts, % total trade..... 45
1 - - 0y
3 Infrastructure 519 48 6.3.2 High te;h exports less re-exports, % total trade.. . 42
) ) ) . 633 ICT services exports, % total trade 2 39
3.1 Information & communication technologies (ICTS)................ 633 50 634 EDI net outf % CDP 08 61
310 ICT access® 686 53 > netoutiows, % '
312 ICT use* 584 42 .
313 Government's online service* 56.5 74 771 ‘Ctrea,ta,e Ol.:tputs 2196
e ntangible assets
3.14 E-participation® 695 43 i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP......... 8
32 General infrastructure 354 72 7.2 Industrial designs by origin/bn PPP$ GDP 12
3.2.1 Electricity output, kWh/cap. 64996 30 713 ICTs & business Model Creation™ ... 56
322  Logistics performance® 344 72 714 ICTs & organizational model creation® ..o .586 44
323 Gross capital formation, % GDP 220 65 - .
7.2 Creative goods & services 6.5 41
33 Ecological sustainability 71 24 721 Cultural & creative services exports, % of total trade.......1.1 13
331  GDP/unit of energy use 65 87 0O 722 National feature films/mn pop. 15-69 ...t 8 39
332  Environmental performance* 834 33 723  Global ent. & media market/th pop. 15-69 n/a
333 1SO 14001 environmental certificates/bn PPP$ GDP..........10.8 6@ 724 Printing & publishing manufactures, %...... . 38
725  Creative goods exports, % total trade ... 1.0 43
4 Market sophistication...........ccecececeereeneeee.43.9 - 76 © )

- 73 Online creativity 1.2 38
Lot 05750 731 Generic top-level domains (TLDs)/th pop. 15-69 27 2%
41 Ease of getting credit* 00 9 7.3.2 Ceneilc opd eﬁD ;)tr;:ams s 29 pop. 7.0 “
412 Domestic credit to private sector, % GDP........mninn 554 58 7’3‘3 V\/?l:r;eréiacoed?ts/mrsw ponWpé ég 65 %6
413 Microf loans, % GDP 00 750 . o '

cronnance gross foans, % 734  Video uploads on YouTube/pop. 15-69.....nn. 368 36

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.




Key indicators
Population (millions)

18.6

GDP (USS billions)

120

GDP per capita, PPP$
Income group Low
Region Sub-Sahara

Score 0-100
or value (hard data)

Global Innovation Index (out of 127).....cccerereererrerenerneraenes 21,9

Innovation Output Sub-Index 8.4
Innovation Input Sub-Index 353
Innovation Efficiency Ratio 0.2
Global Innovation Index 2016 (out of 128) 210
1 Institutions 534
1.1 Political environment 376
1.1 Political stability & safety* 48.1
1.12  Government effectiveness* 271
1.2 Regulatory environment 61.7
1.2.1 Regulatory quality* 329
122 Rule of law* 239
123 Cost of redundancy dismissal, salary weeks.......n 10.5
13 Business environment 61.0
131 Ease of starting a business* 88.1
132 Ease of resolving insolvency* 393
133 Ease of paying taxes* 55.8
2 Human capital & research..........cccccecereueeee. 15.8
2.1 Education 253
2.1.1 Expenditure on education, % GDP......snnn 3.9
212 Gov't expenditure/pupil, secondary, % GDP/cap... ..16.2
213 School life expectancy, years®: 7
214 PISA scales in reading, maths, & SCIENCE ...cvvrrsrrssriinn N/
215 Pupil-teacher ratio, secondary 252
22 Tertiary education 208
221 Tertiary enrolment, % gross®* 4.8
222 Graduates in science & engineering, % ... 1 7.6
223 Tertiary inbound mobility, %% 2.9
23 Research & development (R&D) 12
231 Researchers, FTE/mn pop.2* 475

232 Gross expenditure on R&D, % GDPE. ...
233  Global R&D companies, avg. expend. top 3, mn SUS
234 QS university ranking, average score top 3*......nn.

3 Infrastructure 254
3.1 Information & communication technologies (ICTS)................ 20.1
3.1 ICT access® 28

312 ICT use* 9.0
313 Government’s online service* 18.8
3.14 E-participation® 237
32 General infrastructure 26.8
321 Electricity output, KWh/cap n/a
322 Logistics performance* 309
323 Gross capital formation, % GDP 143
33 Ecological sustainability 293
331 GDP/unit of energy use n/a
332 Environmental performance* 43.7
333 ISO 14001 environmental certificates/bn PPP$ GDP.............0.1
4 Market sophistication........cecececeveccserienennnns 29.7
4.1 Credit 24
4.1.1 Ease of getting credit* 30.0
412 Domestic credit to private sector, % GDP.......nnnn 2 7.2
413 Microfinance gross loans, % GDP 1.5

1,723.6
income
n Africa

Rank
120
126
101
127
122

86
101
9%
99

70
91
94
35

93
59
99
103

110
118
82
73
114
n/a
94

102
114
69
57

102
90
90
43
75

118
115
112
115
116
m

103
n/a

80
114

n/a
116
119

121
108
108
101

19

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3
6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Burkina Faso

Investment 0.0
Ease of protecting minority INVESLOrs™........rrsrsrnnn40.0
Market capitalization, % GDP n/a
Venture capital deals/bn PPP$ GDP%.........ocnnn 0.0
Trade, competition, & Market SCale.........cmescesorsioe 366
Applied tariff rate, weighted mean, %........iinnn 9.6
Intensity of local competitiont n/a
Domestic market scale, bn PPPS$ 330

Business sophistication ........ccccceceeeeerenenenn 52.2
Knowledge workers 9
Knowledge-intensive employment, %....
Firms offering formal training, % firmMs™ ...
GERD performed by business, % of GDP

GERD financed by business, %% ..........
Females employed w/advanced degrees, % total...............n/a

Innovation linkages 100.0
University/industry research collaboration..............c......n/a
State of cluster development™ n/a
GERD financed by abroad, % 596
JV-strategic alliance deals/bn PPP$ GDP......ccriiric N/A
Patent families 2+ offices/bn PPPS GDP.....iciicne N/

Knowledge absorption
Intellectual property payments, % total trade®
High-tech imports less re-imports, % total trade. .
ICT services imports, % total trade® ... 2:
FDI net inflows, % GDP
Research talent, % in business eNterprise ...

Knowledge & technology outputs...........15.1

Knowledge creation 5.1
Patents by origin/bn PPP$ GDP 02
PCT patent applications/bn PPPS GDP.........crsrsicnn /@

Utility models by origin/bn PPP$ GDP% ...
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 24.1
Growth rate of PPPS GDP/WOTKET, %....cvwvrrsrssrirsrsrsrinn 1.9
New businesses/th pop. 15-64%
Computer software spending, % GDP.....
ISO 9001 quality certificates/bn PPP$ GDP .
High- & medium-high-tech manufactures, %..........ccc....N/a

Knowledge diffusion
Intellectual property receipts, % total trade...
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade®:

FDI net outflows, % GDP

Creative outputs 1.8
Intangible assets 1.0
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model Creation ...,

ICTs & organizational model creation™ .../
Creative goods & services 4.7
Cultural & creative services exports, % of total trade...............0.3
National feature films/mn pop. 1569 .....wescriririe0.5

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %.......
Creative goods exports, % total trade ... 0.0

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69.......cwece.

Wikipedia edits/mn pop. 15-69%
Video uploads on YouTube/pop. 15=69...mmsmsncn

114
111
n/a

39

122
12
n/a
107

[14]
[100]

114

106

110
100
n/a

109
80
101
72
71

127
126
114
100
n/a
n/a

40

92
n/a
n/a
109
125
122
119
125
n/a
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Key indicators
Population (millions) 11.6
GDP (USS billions) 2.7
GDP per capita, PPP$ 8185
Income group Low income
Region Sub-Saharan Africa
Score 0-100

orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....cccecerrerenernerenennnnes 21.3 122
Innovation Output Sub-Index 124 122
Innovation Input Sub-Index 302 115
Innovation Efficiency Ratio 04 17
Global Innovation Index 2016 (out of 128) 209 123
1 Institutions 43.2 118
1.1 Political environment 173 124
1.1 Political stability & safety* 219 123
1.1.2 Government effectiveness* 127 123
1.2 Regulatory environment 498 98
1.2 Regulatory quality* 240 107
122 Rule of law* 6. 123
123 Cost of redundancy dismissal, salary weeks......cwnn 159 67
1.3 Business environment 624 85
131 Ease of starting a business* 945 17 @
132 Ease of resolving insolvency* 305 114
133 Ease of paying taxes* 622 88
2 Human capital & research...........cceeeuce.... 14.9 114
2.1 Education 377 95
2.1.1 Expenditure on education, % GDP.......nn 54 35 @
212 Gov't expenditure/pupil, secondary, % GDP/cap .....ce..... 31.0 13 @
213 School life expectancy, years®: 106 98
214  PISA scales in reading, maths, & SCIENCE .. N/A - N/
215 Pupil-teacher ratio, secondary 358 107
22 Tertiary education 6.1 119
221 Tertiary enrolment, % gross®* 44 17
222 Graduates in science & engineering, % .04 100
223 Tertiary inbound mobility, %% 10 81
23 Research & development (R&D) 0.8 105
231 Researchers, FTE/mn pop. n/a
232 Gross expenditure on R&D, % GDPE. ..o 99
233  Global R&D companies, avg. expend. top 3, mn SUS 43 O
234 QS university ranking, average score top 3*......n. 75 O
3 Infrastructure 219 124
3.1 Information & communication technologies (ICTS)................ 140 125 O
3.1 ICT access® 214 123
312 ICT use* 42 123
313 Government’s online service* 152 118
3.14 E-participation® 153 119
32 General infrastructure 83 126 O
321 Electricity output, KWh/cap n/a n/a
322 Logistics performance* 20.7 101
323 Gross capital formation, % GDP 42 123 O
33 Ecological sustainability 434 [70]
331 GDP/unit of energy use n/a n/a
332 Environmental performance* 434 118
333 I1SO 14001 environmental certificates/bn PPP$ GDP...........n/a  n/a
4 Market sophistication........ccccceeeveeencnisennenn. 32.7 114
4.1 Credit 5.1 97
4.1.1 Ease of getting credit* 100 124 O
412 Domestic credit to private sector, % GDP......rne 143 120
413 Microfinance gross loans, % GDP 34 13 @

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515

52

521
522
523
524
525

53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Investment 417
Ease of protecting minority iNVESLOrS™........crsrsnnnd1.7
Market capitalization, % GDP n/a
Venture capital deals/bn PPPS GDP....wmsssriririe N/a
Trade, competition, & Market SCale.......eoeseesrrsee 312
Applied tariff rate, weighted mean, %......cnn 5.4
Intensity of local competitiont 56.1
Domestic market scale, bn PPPS$ 9

Business sophistication..........cccccecerecenene. 38.4

Knowledge workers 377
Knowledge-intensive employment, %..........wrmcrs /2
Firms offering formal training, % firMS ... 32.0
GERD performed by business, % of GDP.....cc. N/a
GERD financed by business, % n/a
Females employed w/advanced degrees, % total...............n/a
Innovation linkages 38.1
University/industry research collaboration®...................30.2
State of cluster development’ 313
GERD financed by abroad, % 399
JV-strategic alliance deals/bn PPP$ GDP.....ercriiric N/A
Patent families 2+ offices/bn PPPS GDP%......vrccrinirien0.2

Knowledge absorption
Intellectual property payments, % total trade®
High-tech imports less re-imports, % total trade®
ICT services imports, % total trade® ...
FDI net inflows, % GDP
Research talent, % in business eNterprise ...

Knowledge & technology outputs............. 7.9
Knowledge creation
Patents by origin/bn PPP$ GDP n/a
PCT patent applications/bn PPPS GDP......ccsrsinnn /@
Utility models by origin/bn PPP$ GDP.......
Scientific & technical articles/bn PPP$ GDP.
Citable documents H index

Knowledge impact 3.2
Growth rate of PPPS GDP/WOTKET, %....cccvwvrersrssrirsrssinnn N/
New businesses/th pop. 15-64
Computer software spending, % GDP.....
ISO 9001 quality certificates/bn PPP$ GDP |
High- & medium-high-tech manufactures, %....................0.0

Knowledge diffusion
Intellectual property receipts, % total trade®:...
High-tech exports less re-exports, % total trad
ICT services exports, % total trade®

FDI net outflows, % GDP

Creative outputs 16.9
Intangible assets 29.2
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation®

ICTs & organizational model creation® ... 265
Creative goods & services 4
Cultural & creative services exports, % of total trade..........0.3
National feature films/mn pop. 1569 .....wmesssmimrien0.2

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %%
Creative goods exports, % total trade’

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69.......cwece.

Wikipedia edits/mn pop. 15-69%
Video uploads on YouTube/pop. 15=69......mmmsn

[55]
105
n/a
n/a

124

94
13
127

36
[60]
n/a

46
n/a
n/a
n/a

104
17

115

124
[118]
n/a
n/a
n/a
104
125

127

114

108

115
106
n/a
n/a
122
122

94
33
99
n/a
52
13

122
125
107
122
n/a

o000 o



Cambodia

Key indicators 4.2 Investment 4.1 88
Population (millions) 15.8 421 Ease of protecting minority INVESLOrs™ ... 483 92
GDP (USS billions) 194 422 Market capitalization, % GDP n/a n/a
GDP per capita, PPP$ 3,487.5 423 Venture capital deals/bn PPP$ GDPH......cmminnnn0.0 54
Income group Lower-middle income 43 Trade, competition, & Market SCAle ... 533 98
Region South East Asia, East Asia, and Oceania 431 Applied tariff rate, weighted mean, %........oommmecnent9 90
432 Intensity of local competitiont 621 93
score 0-100 433 Domestic market scale, bn PPPS$ 589 90
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....ccceceruererreruerernernnnes 27.0 101 5 Busi histicati 233 111
Innovation Output Sub-Index 20.9 87 : ; u5|‘ndess SOkp ISTICATION ..cceueruiinnrnniencencnnnnnes .
Innovation Input Sub-Index 332 104 ;1 1 Kmowfdge workers | o 1:411 \12}2\ 5
Innovation Efficiency Ratio 06 61 5.1 .2 F‘now eﬁg§-|ntfenswv<|eten.wp. oyr(r;egt, o 222 2
. . irms offering formal training, % fiIrMS ... 2.
Global Innovation Index 2016 (out of 128 279 9%
( ) 513 GERD performed by business, % of GDP.........ccn /@ N/a
. . i 9
1 Institutions 49.1 98 21: EERD‘ﬁnanceld bydbujn:jess, % - g n;a n;a
. Political environment 99 83 . emales employed w/advanced degrees, % total..............n/a  n/a
1.1 Political stability & safety* 615 68 52 Innovation linkages 307 55 @
1.1.2  Government effectiveness* 244 109 5.2.1 University/industry research collaboration®...................347 95
T
13 Regulatory environment 493 101 522  State of cluster development 491 44 @
191 Requlatory quality® 208 o8 523  GERD financed by abroad, % n/a n/a
1'2'2 Ru\ge of Iavi//*q Y 12'5 14 524  JV-strategic alliance deals/bn PPP$ GDP....cceee 01 25 @
123 Cost of redundancy dismissal, salary weeks................194 80 525 Patent families 2+ offices/bn PPP$ GDP ... 0.0 93
1.3 Business environment 550 115 2; mol\:/‘otdgT absorptt\om ts % total trad 182
1.3.1 Ease of starting a business* 549 126 O = n' clec ua' property paymen s oo totaltrade..
o 532 High-tech imports less re-imports, % total trade. . 122 O
132 Ease of resolving insolvency* 481 66 o
133 Ease of paying taxes* 620 89 533 ICT services imports, % total trade. ... 0. 87
o paying ’ 534  FDInetinflows, % GDP. 1 @
. % i i i
2 Human capltal & research o142 118 535 Research talent, % in business enterprise ... n/a
2.1 Education 246 119
2.1.1  Expenditure on education, % GDP.........msmsmsnnnn 1.9 115 O gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs..........1 7": %(3
. wie > C IC . .
212 Gov't expenditure/pupil, secondary, % GDP/cap ......cc....nN/a  N/a wiecg . o
) o 6.1.1 Patents by origin/bn PPP$ GDP% 00 118 O
2.13  School life expectancy, years® 105 99 o
) . . 6.1.2 PCT patent applications/bn PPPS GDP........ccs /@ N/a
214  PISA scales in reading, maths, & SCIENCE ..o N/A - N/ . .
) ) ' 6.1.3 Utility models by origin/bn PPPS$ GDP..... n/a
215  Pupil-teacher ratio, secondary® 289 103 o . )
6.1.4  Scientific & technical articles/bn PPP$ GDP .. 5. 99
22 Tertiary education 179 105 6.15  Citable documents H index 40 103
221 Tertiary enrolment, % gross. 13.1 100 62 Knowledae impact 44 49 @
. . NOowWI | 5
222 Graduates in science & engineering, %%.........mmnnnn 125 93 c 9 P
- . 6.2.1 Growth rate of PPPS GDP/WOTKET, %.....ccooererescsrsrsirennnn5.0 7@
223 Tertiary inbound mobility, % n/a n/a . .
6.2.2 New businesses/th pop. 15-64%+ 95
23 Research & development (R&D) 00 115 0 6.2.3 Computer software spending, % GDP... 112
231 Researchers, FTE/mn pop. n/a 624 ISO 9001 quality certificates/bn PPP$ GDP ! 115
232 Gross expenditure On R&D, % GDP ... n/a 6.25  High- & medium-high-tech manufactures, %...........cc......n/a  n/a
233 Global R&D companies, avg. expend. top 3, mn SUS 43 O
o p, 1165, avg- expen P n 6.3 Knowledge diffusion 142 116
234 QS university ranking, average score top 3*......nn. 75 O )
6.3.1 Intellectual property receipts, % total trade..... 92
1 - - 0
3 Infrastructure 26.9 113 6.3.2 High te;h exports less re-exports, % total trade.. ! 69
) . ) 633 ICT services exports, % total trade 04 103
3.1 Information & communication technologies (ICTS)................ 187 118 634 FDI net outf % CDP 03 80
310 ICTaccess® 21 99 > net outiows, % '
312 ICT use* 209 97 .
313 Government’s online service* 51 126 O 771 ‘Ctreata,e Ol.:tputs 9829
N ntangible assets ¢
3.14 E-participation® 68 125 O i
particip 711 Trademarks by origin/bn PPP$ GDP#* 80
32 General infrastructure 307 92 7.2 Industrial designs by origin/bn PPP$ GDP 99
321 Electricity output, kWh/cap 1995 112 O 713 ICTs & business model creationT e 61
322  Logistics performance* 341 73 714  ICTs & organizational model creation® ... 556 52 @
323 Gross capital formation, % GDP 229 57 @ . .
7.2 Creative goods & services 147 [74]
33 Ecological sustainability 313 113 721 Cultural & creative services exports, % of total trade..........n/a  n/a
331  GDP/unit of energy use 74 81 722 National feature films/mn pop. 15-69.....inene31 55
332  Environmental performance* 512110 723 Global ent. & media market/th pop. 15-69 n/a
333 ISO 14001 environmental certificates/bn PPP$ GDP............03 92 724 Printing & publishing manufactures, % n/a
725  Creative goods exports, % total trade .06 56 @
4 Market sophistication...........cccceceeeeeueeeee. 524 37 @ )
41 Credit 60.0 ° 73 Online creativity 98 99
. re 69. ) )
411 Ease of getting credit* 850 7 @ ;; gene?c wp;eﬁ'Dd;’t?ams (:éDg)g/th pop. 15-69 Hgi
412 Domestic credit to private sector, % GDP.........ennnn63.1 50 @ o (?u,n ry.co ? SN POP. 1070 e
413 Microfinance gross loans, % GDP 296 1@ 733 Wikipedia edits/mn pop. 15-69% 102
o ' ’ 734 Video uploads on YouTube/pop. 15-69.......mmn N/a  N/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.
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(Cameroon

Key indicators 42 Investment 417 [55]
Population (millions) 239 421 Ease of protecting minority iNVEStOrs™.......rssnnd1.7 105
GDP (USS billions) 30.9 422 Market capitalization, % GDP n/a n/a
GDP per capita, PPP$ 3,143.7 423 Venture capital deals/bn PPP$ GDP.......ocsciccnN/a - N/
Income group Lower-middle income 43 Trade, competition, & Market SCale......rerserseesnsns 394 121 O
Region Sub-Saharan Africa 431 Applied tariff rate, weighted mean, %% ... 158 125 O
432 Intensity of local competitiont 638 83
score 0-100 433 Domestic market scale, bn PPPS .../ 7.2 82
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....cccccerereerenrereereeennes 22.6 117 5 Busi histicati 24.0 109
Innovation Output Sub-Index 161 113 : ; u5|‘ndess SOkp ISTICATION ...cceevecinncinnccnnnccnnnene (;2
Innovation Input Sub-Index 20 117 ; : Knowledge workers I o / ‘ih‘
Innovation Efficiency Ratio 06 9 5.1 .2 F‘novv eﬁgg-lntfenswvletemp oyr(r;egt, o.... Zr; 2 n6;
. . irms offering formal training, % firMs® ... 25.
Global Innovation Index 2016 (out of 128 28 118
( ) 513 GERD performed by business, % of GDP.........ccom /@ N/a
. . i 9
1 Institutions 423 119 o 514  GERD financed by business, % n/a n/a
. ) 5.1.5  Females employed w/advanced degrees, % total.......c.....n/a  n/a
1.1 Political environment 312 115
1.1 Political stability & safety* 398 110 52 Innovation linkages 225 83
1.12  Government effectiveness* 225 114 521 University/industry research collaboration®...................37.2 85
i 3
1.2 Regulatory environment 458 108 522 State of cluster development 68 %
- 523  GERD financed by abroad, % n/a n/a
1.2 Regulatory quality 190 116 .
122 Ruleof law® 13 117 524  JV-strategic alliance deals/bn PPPS GDP....cee00 96
123 Cost of redundancy dismissal, salary weeks......nnn 199 82 525 Patent families 2+ offices/bn PPPS GDP 0010
13 Business environment 498 122 O 23 . r:ol\lfv‘otdgi absorptt\om ts % total trade® 1(2)2) ©
131 Ease of starting a business* 770 110 - n' erec ua' property paymen 3, Jototaltrade
o 532 High-tech imports less re-imports, % total trade. . 108
132 Ease of resolving insolvency* 366 104 S e
133 Fase of paving taxes* 359 123 O 533 ICT services imports, % total trade® .........ciiinnn 0.5 102
- paying ’ 534  FDInetinflows, % GDP. 84
. % i i i
2 Human capltal & research . 19.8 101 535 Research talent, % in business enterprise ... n/a
2.1 Education 344 100
211 Expenditure on education, % GDP......oeemimiennn3.0 98 gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs........... 1 5566 1 0815
. wie > C IC ! -
212  Gov't expenditure/pupil, secondary, % GDP/cap®.......... 197 54 @ wiedg .
) 6.1.1 Patents by origin/bn PPP$ GDP 04 82
213 School life expectancy, years 122 84 o
) ; . 6.1.2 PCT patent applications/bn PPPS GDP......ccsinnnn 0.0 94
214 PISA scales in reading, maths, & SCIENCE ..o N/A - N/ . .
) ) 6.1.3  Utility models by origin/bn PPP$ GDP....... n/a
215 Pupil-teacher ratio, secondary 199 80 7 . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 64 @
22 Tertiary education 251 93 6.1.5  Citable documents H index 86
221 Tertiary enrolment, % gross. 175 95 62 Knowledae impact 285 75 @
. . NnOow! | .
222 Graduates in science & engineering, %% .........crnnnn:21.0 49 @ ‘ 9 P
o o a 6.2.1 Growth rate of PPPS GDP/WOTKET, %.....ovcrccscrvirrnn 24 33 @
223 Tertiary inbound mobility, %% 1.1 80 )
6.2.2 New businesses/th pop. 15-64 n/a
23 Research & development (R&D) 115 O 623  Computer software spending, % GDP... 0. 76
23.1  Researchers, FTE/mn pop. n/a 624 1509001 quality certificates/bn PPP$ GDP 09 110
232 Gross expenditure On R&D, % GDP ... n/a 6.25  High- & medium-high-tech manufactures, %........c...00 96 O
233 Global R&D companies, avg. expend. top 3, mn SUS 43 O
R plm > avg. expen P ne 6.3 Knowledge diffusion 122 O
234 QS university ranking, average score top 3*....... 75 O ) a
6.3.1 Intellectual property receipts, % total trade®... 96
i - - 0
3 Infrastructure 253 119 o 6.3.2 High te;h exports less re exports,a@ total trade.. 102
) . ) 633 ICT services exports, % total trade® 74 @
3.1 Information & communication technologies (ICTS)................ 187 119 O 634 FDI net outf % GDP 19 6
310 ICT access* 277 115 > netoutriows, %
312 ICT use* 84 117 .
313 Government's online service* 217 113 771 ‘Ctrea,ta,e Ol.:tputs
e ntangible assets
3.14 E-participation® 169 117 i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP.........
32 General infrastructure 22 114 7.1.2  Industrial designs by origin/bn PPP$ GDP 87
3.2.1 Electricity output, kWh/cap 3040 108 713 ICTs & business model creation® 95
322  Logistics performance® 41 125 0 714 ICTs & organizational model creation® ... 437 98
323 Gross capital formation, % GDP 219 66 @ - .
7.2 Creative goods & services 76 97
33 Ecological sustainability 351 102 721 Cultural & creative services exports, % of total trade.........0.1 64
33.1 GDP/unit of energy use 83 66 @ 722 National feature films/mn pop. 15-69%" ... 63 @
332 Environmental performance* 57.1 106 723 Global ent. & media market/th pop. 15-69 n/a
333 1SO 14001 environmental certificates/bn PPP$ GDP...........0.3 102 724  Printing & publishing manufactures, %% . 1. 41 e
725  Creative goods exports, % total trade ... 0.0 118 O
4 Market sophistication........ccccceeeeeeenerrennnnn. 33.7 113 ) )
41 Credit 00 112 73 Online creativity 4 120 O
411 Ease of getting credit* 350 104 ;; gene?c wp;eﬁ'Dd;’t?ams (:éDg)g/th pop. 15-69 lgg
412 Domestic credit to private sector, % GDP........n 164 114 7’3‘3 V\/(?Ljn r(yi.codi y > DOWpS. 6§ 119 o
413 Microfinance gross loans, % GDP 1.1 25 @ o _I Ipedia edits/mn pop. 1>-6=
734  Video uploads on YouTube/pop. 15-69.....mmmscris n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.




Key indicators
Population (millions) 36.3
GDP (US$ billions) 15323
GDP per capita, PPP$ 45,552.6
Income group High income
Region Northern America
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....cccecerereerenrereerennenee 53.7 18
Innovation Output Sub-Index 417 3
Innovation Input Sub-Index 656 10
Innovation Efficiency Ratio 06 59
Global Innovation Index 2016 (out of 128) 547 15
1 Institutions 910 7
1.1 Political environment 90.7 6
1.1 Political stability & safety* 94.0 5
1.1.2 Government effectiveness* 875 M
1.2 Regulatory environment 927 10
1.2 Regulatory quality* 858 12
122 Rule of law* 93.1 11
123 Cost of redundancy dismissal, salary weeks.......conn 0.0 31
1.3 Business environment 89.5 7
1.3.1 Ease of starting a business* 98.2 2
132 Ease of resolving insolvency* 814 14
133 Ease of paying taxes* 889 16
2 Human capital & research............ceee0eeee... 53.3 20
2.1 Education 449 74
2.1.1 Expenditure on education, % GDP% ... 5.3 40
212  Gov't expenditure/pupil, secondary, % GDP/cap®.......... 183 60
2.13  School life expectancy, years n/a n/a
214 PISA scales in reading, maths, & SCIENCE ..vvrvvsrirsirn 523.3 5
215 Pupil-teacher ratio, secondary n/a n/a
22 Tertiary education n/a n/a
221 Tertiary enrolment, % gross. n/a n/a
222 Graduates in science & engineering, % ... N/a  N/a
223 Tertiary inbound mobility, % n/a n/a
23 Research & development (R&D) 15
231 Researchers, FTE/mn pop.2* 16
232 Gross expenditure on R&D, % GDPE. ... 22
233  Global R&D companies, avg. expend. top 3, mn SUS 16
234 QS university ranking, average score top 3*...... 5
3 Infrastructure 62.1 18
3.1 Information & communication technologies (ICTS)................ 839 12
3.1 ICT access*® 799 25
312 ICT use* 685 24
313 Government’s online service* 95.7 4
3.14 E-participation® 915 8
32 General infrastructure 59.7 7
321 Electricity output, KWh/cap 17,594.1 5
322 Logistics performance* 864 14
323 Gross capital formation, % GDP 23.1 56
33 Ecological sustainability 426 75
331 GDP/unit of energy use 56 97
332 Environmental performance* 851 25
333 ISO 14001 environmental certificates/bn PPP$ GDP............08 73
4 Market sophistication........ccccceeveeecresrennnnn. 73.7 3
4.1 Credit 67.3 8
4.1.1 Ease of getting credit* 7
412 Domestic credit to private sector, % GDP% 18
413 Microfinance gross loans, % GDP... n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.

ay

' indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http://globalinnovationindex.org.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

(anada

Investment 743
Ease of protecting minority INVESLOrS™ ... /6.7
Market capitalization, % GDP 102.8
Venture capital deals/bn PPPS GDP...wmrmsssrimininnn0.5
Trade, competition, & Market SCale.......cmeseesrrsee 794
Applied tariff rate, weighted mean, %.......cnnnn 1.0
Intensity of local competitiont 74.1
Domestic market scale, bn PPPS ... 1,674.3

Business sophistication ..........ccccecerecceeeeene. 47.8
Knowledge workers 56.7
S

Knowledge-intensive employment, %%..............
Firms offering formal training, % firms....
GERD performed by business, % of GDP’
GERD financed by business, %% ............

Females employed w/advanced degrees, % total..............17.0
Innovation linkages 415
University/industry research collaboration.......................59.6
State of cluster development® 619
GERD financed by abroad, % 6.0
JV-strategic alliance deals/bn PPP$ GDP....ercriririrnn0.2
Patent families 2+ offices/bn PPPS GDP.....ercmiiricn 2.9

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ... 0.
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs...........38.7

Knowledge creation 40.6
Patents by origin/bn PPP$ GDP 26
PCT patent applications/bn PPPS GDP.......cscssirncnn 1.4

Utility models by origin/bn PPPS$ GDP........
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 6.2
Growth rate of PPPS GDP/WOTKET, %....cvvvrrsrssrirsrsrsirinn0.3
New businesses/th pop. 15-64
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP .
High- & medium-high-tech manufactures, %..........ccuee.0.3

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade.. .
ICT services exports, % total trade ... |
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP |
ICTs & business model creation ...

ICTs & organizational model creation ...

Creative goods & services 0.7
Cultural & creative services exports, % of total trade®..........0.7
National feature films/mn pop. 15-69 ... 3.9

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %....... |
Creative goods exports, % total trade ... 0.6

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69......ccmece.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569

24
27
18

n/a
24
27
30

27
22
19
61

21
12
32
70
42

19
21
39
24

n/a
17

44
75
61

70
38

23
18
32
69
13

Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

O ® 0O

20

~

I Country/Economy Profiles

THE GLOBAL INNOVATION INDEX 2017



I Country/Economy Profiles

THE GLOBAL INNOVATION INDEX 2017

Chile

Key indicators

Population (millions) 18.1
GDP (US$ billions) 2349
GDP per capita, PPP$ 23,459.6
Income group High income
Region Latin America and the Caribbean
Score 0-100

orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....cccccerereererrereerennennee 38.7 46
Innovation Output Sub-Index 291 53
Innovation Input Sub-Index 483 4
Innovation Efficiency Ratio 06 77
Global Innovation Index 2016 (out of 128) 384 44
1 Institutions 703 41
1.1 Political environment 718 38
1.1 Political stability & safety* 736 44
112 Government effectiveness* 699 29
1.2 Regulatory environment 69.6 45
1.2 Regulatory quality* 767 18
122 Rule of law* 784 22
123 Cost of redundancy dismissal, salary weeks......en 274 107
1.3 Business environment 69.7 68
1.3.1 Ease of starting a business* 89.8 50
132 Ease of resolving insolvency* 555 52
133 Ease of paying taxes* 639 87
2 Human capital & research.............ee00..... 32.8 61
2.1 Education 465 65
2.1.1 Expenditure on education, % GDP......nn 4.8 60
212 Gov't expenditure/pupil, secondary, % GDP/cap ..o 152 80
2.13  School life expectancy, years 165 22
214  PISA scales in reading, maths, & SCIENCE v 4427 44
215  Pupil-teacher ratio, secondary® 210 83
22 Tertiary education 377 55
221 Tertiary enrolment, % gross. 88.6 5
222 Graduates in science & engineering, %%..........mmnnn 192 62
223  Tertiary inbound mobility, % 03 96
23 Research & development (R&D) 14.1 50
231 Researchers, FTE/mn pop. 4555 64
232 Gross expenditure on R&D, % GDP ........ocovvemososrnes 71
233 Global R&D companies, avg. expend. top 3, mn SUS 43
234 QS university ranking, average score top 3*......n. 31
3 Infrastructure 52.1 47
3.1 Information & communication technologies (ICTS)................ 673 40
3.1 ICT access*® 68.1 56
312 ICT use* 491 59
313 Government’s online service* 775 28
3.14 E-participation® 746 32
32 General infrastructure 388 54
321 Electricity output, KWh/cap 4,1188 52
322 Logistics performance* 548 45
323 Gross capital formation, % GDP 223 63
33 Ecological sustainability 01 46
331 GDP/unit of energy use 104 43
332 Environmental performance* 777 51
333 ISO 14001 environmental certificates/bn PPP$ GDP............29 39
4 Market sophistication........ccccceceveeererireeeee. 49.8 - 50
4.1 Credit 358 61
4.1.1 Ease of getting credit* 500 72
412 Domestic credit to private sector, % GDP......nnn 1110 24
413 Microfinance gross loans, % GDP 0. 28

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

4.3.1
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5

6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

7.2
722
723
724
725

7.3

731
732
733
734

Investment 416
Ease of protecting minority INVESLOrS™........rrsririnnn05.0
Market capitalization, % GDP 79.1
Venture capital deals/bn PPPS GDP.....emmmrssminirine0.0
Trade, competition, & Market SCale.......cmescesorsien 720
Applied tariff rate, weighted mean, %........rinnn0.6
Intensity of local competitiont 70.0
Domestic market scale, DN PPPS ... 436.1

Business sophistication.........c.ccceceeeeerenenens. 36.5
Knowledge workers 46.0

Knowledge-intensive employment, %.... —sx0)
Firms offering formal training, % firms® ... 57.5
GERD performed by business, % of GDP.......mmrn0.1
GERD financed by business, % 32.8
Females employed w/advanced degrees, % total..............15.9
Innovation linkages 24.9
University/industry research collaboration™....................41.1
State of cluster development’ 39.8
GERD financed by abroad, % 129
JV-strategic alliance deals/bn PPP$ GDP......rcriririenn0.0
Patent families 2+ offices/bn PPPS GDP....rcsririen0.2

Knowledge absorption
Intellectual property payments, % total trade®
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade® ... O.
FDI net inflows, % GDP
Research talent, % in business enterprise ... 2 7.4

Knowledge & technology outputs...........26.0

Knowledge creation 11.1
Patents by origin/bn PPP$ GDP 1.0
PCT patent applications/bn PPPS GDP.......cwcsssrinnnnn0.5

Utility models by origin/bn PPP$ GDP.......
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 38
Growth rate of PPPS GDP/WOTKET, %603
New businesses/th pop. 15-64
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP
High- & medium-high-tech manufactures, %% ....................

Knowledge diffusion
Intellectual property receipts, % total trade®:...
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade®:

FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP |
ICTs & business model creation ...

ICTs & organizational model creation ... 554
Creative goods & services 10.1
Cultural & creative services exports, % of total trade.............n/a
National feature films/mn pop. 15-69 ... 2.9

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. .
Creative goods exports, % total trade ... 0.2

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cmce.
Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569

58
31
20
71

30

61
4

46
44
54

58
46
38

74
61
85
37
54
49
37
"
40
75
16
48

49
61
63
39
42
41
37

52
77
14
49
28
63
34
52
70
99
10

59
51
27

106
28
54

89
n/a
56
33
61
82

45
75
37
49
38



Key indicators

Population (millions) 1,382.3
GDP (US$ billions) 11,391.6
GDP per capita, PPP$ 14,107.4
Income group. Upper-middle income
Region South East Asia, East Asia, and Oceania

Score 0-100
or value (hard data)

Global Innovation Index (out of 127).....cccerereeerrerecreraereenes 52.5

Innovation Output Sub-Index 50.9
Innovation Input Sub-Index 54.2
Innovation Efficiency Ratio 0.9
Global Innovation Index 2016 (out of 128) 50.6
1 Institutions 54.8
1.1 Political environment 516
1.1 Political stability & safety* 50.2
1.12  Government effectiveness* 53.0
1.2 Regulatory environment 47.0
1.2.1 Regulatory quality* 353
122 Rule of law* 296
123 Cost of redundancy dismissal, salary weeks........n 274
1.3 Business environment 65.8
131 Ease of starting a business* 81.0
132 Ease of resolving insolvency* 55.8
133 Ease of paying taxes* 60.5
2 Human capital & research..........ccceeeeeeeeee. 49.2
2.1 Education 69.6
2.1.1 Expenditure on education, % GDP........mmn. N/a
212 Gov't expenditure/pupil, secondary, % GDP/cap ..o N/a
2.13  School life expectancy, years 14.1
214 PISA scales in reading, maths, & SCIENCE v 5 14.3
215 Pupil-teacher ratio, secondary 138
22 Tertiary education 19.5
221 Tertiary enrolment, % gross. 434
222 Graduates in science & eNgiNEEring, %0 ... N/
223  Tertiary inbound mobility, % 03
23 Research & development (R&D) 58.5
231 Researchers, FTE/mn pop. 1,176.6
232 Gross expenditure on R&D, % GDP 2.1
233 Global R&D companies, avg. expend. top 3, mn SUS........89.1
234 QS university ranking, average score top 3*......n82.2
3 Infrastructure 57.9
3.1 Information & communication technologies (ICTS)................ 64.6
3.1 ICT access® 54.5
312 ICT use* 45.8
313 Government’s online service* 76.8
3.14 E-participation® 814
32 General infrastructure 67.5
321 Electricity output, KWh/cap 41529
322 Logistics performance* 739
323 Gross capital formation, % GDP 437
33 Ecological sustainability 414
331 GDP/unit of energy use 55
332 Environmental performance* 65.1
333 ISO 14001 environmental certificates/bn PPP$ GDP.............5.8
4 Market sophistication.........cceceeeveecscccenennnes 54.7
4.1 Credit 40.5
4.1.1 Ease of getting credit* 60.0
412 Domestic credit to private sector, % GDP........on 153.3
413 Microfinance gross loans, % GDP 0.0

Rank
22
n
31

25

78
64
%0
47

107 O
87
78
107 O

96
50
94

25

n/a
n/a
62

55

104 O
62
n/a
98 O

17
45
17

27
48
77
61
31
22

51
26

78
98 O
93
18

28
48
55

73 O

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

China

Investment 50
Ease of protecting minority INVESLOrs™........rrsrsrinnnd5.0
Market capitalization, % GDP 744
Venture capital deals/bn PPPS GDP....mrimesssrinirinn0. 1
Trade, competition, & Market SCale ..o 884
Applied tariff rate, weighted mean, %.......icnn 34
Intensity of local competitiont 735

Domestic market scale, bn PPPS ... 21,269.0

Business sophistication.........ccccceceeeeerenenene. 54.5
Knowledge workers 84.9

Knowledge-intensive employment, %.... S o V|
Firms offering formal training, % firms™ ... 79.2
GERD performed by business, % of GDP...... 1.6
GERD financed by business, % 74.7
Females employed w/advanced degrees, % total..............n/a
Innovation linkages 286
University/industry research collaborationT.......................553
State of cluster development® 60.9
GERD financed by abroad, % 0.7
JV-strategic alliance deals/bn PPP$ GDP......ercriririenn0.0
Patent families 2+ offices/bn PPPS GDP.....ercricrien0.9

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ...
FDI net inflows, % GDP
Research talent, % in business enterprise ... .62.7

Knowledge & technology outputs...........56.4

Knowledge creation 66.0
Patents by origin/bn PPP$ GDP 49.2
PCT patent applications/bn PPPS GDP.......cssrirnnnnn2.0

Utility models by origin/bn PPPS$ GDP.....
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 64.3
Growth rate of PPPS GDP/WOTKET, %....cvvvrrrrsrsriririrserins0.6
New businesses/th pop. 15-64
Computer software spending, % GDP.....
ISO 9001 quality certificates/bn PPP$ GDP
High- & medium-high-tech manufactures, %% .................

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade ... 1
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation ...

ICTs & organizational model creation™ ... 644
Creative goods & services 313
Cultural & creative services exports, % of total trade...............0.0
National feature films/mn pop. 1569 .....sssrinnienn0.6

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. |
Creative goods exports, % total trade ... 1 2.8

Online creativity 7.8
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cccmece. 5.
Wikipedia edits/mn pop. 15-69 16
Video uploads on YouTube/pop. 15=69.....mnsns N/

“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

85
98
21
26

2
76
35

1

9

1
n/a
1
13
2
n/a

62
29
20
90
45
29

104
74
46

110

n/a
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Colombia

Key indicators

Population (millions) 48.7
GDP (US$ billions) 2741
GDP per capita, PPP$ 13,846.5
Income group. Upper-middle income
Region Latin America and the Caribbean

Score 0-100
or value (hard data)

Global Innovation Index (out of 127).....cccecereecerrerecernerncnes 34.8

Innovation Output Sub-Index 23.8
Innovation Input Sub-Index 45.8
Innovation Efficiency Ratio 0.5
Global Innovation Index 2016 (out of 128) 342
1 Institutions 58.5
1.1 Political environment 39.7
1.1 Political stability & safety* 38.1
112 Government effectiveness* 413
1.2 Regulatory environment 62.4
1.2.1 Regulatory quality* 53.7
122 Rule of law* 304
123 Cost of redundancy dismissal, salary weeks.......n 16.7
13 Business environment 734
1.3.1 Ease of starting a business* 89.6
132 Ease of resolving insolvency* 7.7
133 Ease of paying taxes* 589
2 Human capital & research..........cceeeeeeeenee. 31.7
2.1 Education 39.0
2.1.1 Expenditure on education, % GDP......nndhS
212 Gov't expenditure/pupil, secondary, % GDP/Cap ... 16.0
2.13  School life expectancy, years 144
214  PISA scales in reading, maths, & SCIENCE .4 10.1
215 Pupil-teacher ratio, secondary 256
22 Tertiary education 34.1
221 Tertiary enrolment, % gross. 55.6
222 Graduates in science & eNgiNeering, % ... 22.7
223  Tertiary inbound mobility, % 0.2
23 Research & development (R&D) 22.1
231 Researchers, FTE/mn pop.2* 1149
232 Gross expenditure on R&D, % GDP ..o

233  Global R&D companies, avg. expend. top 3, mn SUS

234 QS university ranking, average score top 3*......n

3 Infrastructure 52.5
3.1 Information & communication technologies (ICTS)................ 63.0
EAN ICT access* 583
312 ICT use* 385
313 Government’s online service* 79.0
3.14 E-participation® 76.3
32 General infrastructure 321
321 Electricity output, KWh/cap 1,463.1
322 Logistics performance* 254
323 Gross capital formation, % GDP 250
33 Ecological sustainability 624
331 GDP/unit of energy use 17.5
332 Environmental performance* 759
333 ISO 14001 environmental certificates/bn PPP$ GDP.............4.2
4 Market sophistication.........cceceeeececeneeenennnes 53.1
4.1 Credit 480
4.1.1 Ease of getting credit* 95.0
412 Domestic credit to private sector, % GDP.......nrnnnnd 7.1
413 Microfinance gross loans, % GDP 1.7

Rank
65
75
52
100
63

69
98
13
72

68
52
76
68

52
31
97

66
91
68
75
59
59
95

69
47
38
101

43
84
86
33
34

44
52
73
72
27
27

86
89
92
44

13

55
23

31
33

74
17

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

4.3
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5

6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Investment 40.6
Ease of protecting minority INVESTOrS™ .../ 3.3
Market capitalization, % GDP 294
Venture capital deals/bn PPPS GDP....ermmrssminirine0.0
Trade, competition, & Market SCale........cmcseesrrsens .70.7
Applied tariff rate, weighted mean, %% .........rssscnnih.2
Intensity of local competitiont 76.3
Domestic market scale, BN PPPS ......rcmnnciininn. 6904

Business sophistication ..........cccceceieeeeeeeenes 32.9

Knowledge workers 43.0
Knowledge-intensive employment, %% ... 16.8
Firms offering formal training, % firmMs™ ... 65.1
GERD performed by business, % of GDP.......mmrn0.1
GERD financed by business, % 336
Females employed w/advanced degrees, % total®’ 121
Innovation linkages 20.5
University/industry research collaboration®...................44.3
State of cluster development’ 43.5
GERD financed by abroad, % 24
JV-strategic alliance deals/bn PPP$ GDP......rcriririenn0.0
Patent families 2+ offices/bn PPPS GDP.....cwmmmicrirn0.1
Knowledge absorption 53

Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ... 0.
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs...........19.1

Knowledge creation 0.5
Patents by origin/bn PPP$ GDP 05
PCT patent applications/bn PPPS GDP........csrssrnnnn0.1

Utility models by origin/bn PPP$ GDP....... 03

Scientific & technical articles/bn PPP$ GDP .. 6.0
Citable documents H index 14.7
Knowledge impact 04
Growth rate of PPPS GDP/WOTKET, %o 0.7

New businesses/th pop. 15-64%
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP
High- & medium-high-tech manufactures, %% ...................0.2

Knowledge diffusion
Intellectual property receipts, % total trade......
High-tech exports less re-exports, % total trade.. .
ICT services exports, % total trade 0.5
FDI net outflows, % GDP 15

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP |
ICTs & business model creation ...

ICTs & organizational model creation ... 57.2
Creative goods & services 14.1
Cultural & creative services exports, % of total trade®..........0.1
National feature films/mn pop. 15-69 ... 1.6

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. .
Creative goods exports, % total trade ... 0.2

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 1569w
Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569

61

49
69

33
81
23
30

103

81
78
77
58
39
91
48

69
68
48
69
21
58

75
56
60
100
40

73
76
62
76
58
47

75
51
66
47
18
71

59
67
31
76
54



Key indicators
Population (millions) 49
GDP (US$ billions) 57.7
GDP per capita, PPP$ 15,482.3
Income group. Upper-middle income
Region Latin America and the Caribbean
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....ccceceerererernerercernnnee 37.1 53
Innovation Output Sub-Index 302 50
Innovation Input Sub-Index 440 57
Innovation Efficiency Ratio 0.7 &
Global Innovation Index 2016 (out of 128) 384 45
1 Institutions 66.0 56
1.1 Political environment 649 44
1.1 Political stability & safety* 779 38
1.12  Government effectiveness* 519 49
1.2 Regulatory environment 664 56
1.2.1 Regulatory quality* 547 49
122 Rule of law* 534 42
123 Cost of redundancy dismissal, salary weeks......cenn 187 76
1.3 Business environment 66.7 72
1.3.1 Ease of starting a business* 816 95
132 Ease of resolving insolvency* 396 95
133 Ease of paying taxes* 790 53
2 Human capital & research..........ccceeeeeeee0eee. 32.7 - 62
2.1 Education 579 33
2.1.1 Expenditure on education, % GDP......ssisnnnn /6 8
212 Gov't expenditure/pupil, secondary, % GDP/cap ......c26.7 21
2.13  School life expectancy, years 152 43
214  PISA scales in reading, maths, & SCIENCE v 4158 54
215 Pupil-teacher ratio, secondary 140 57
22 Tertiary education 307 78
221 Tertiary enrolment, % gross. 536 49
222  Graduates in science & engineering, % ... 13,1 91
223 Tertiary inbound mobility, % n/a n/a
23 Research & development (R&D) 95 59
231 Researchers, FTE/mn pop.2* 5730 62
232 Gross expenditure on R&D, % GDPE. ..o 57
233  Global R&D companies, avg. expend. top 3, mn SUS 43
234 QS university ranking, average score top 3*......n 52
3 Infrastructure 47.6 61
3.1 Information & communication technologies (ICTS)................ 62.6 54
3.1 ICT access*® 644 65
312 ICT use* 580 43
313 Government’s online service* 638 55
3.14 E-participation® 644 54
32 General infrastructure 262 104
321 Electricity output, KWh/cap 2,1464 76
322 Logistics performance* 271 87
323 Gross capital formation, % GDP 188 93
33 Ecological sustainability 540 33
331 GDP/unit of energy use 135 15
332 Environmental performance* 800 42
333 ISO 14001 environmental certificates/bn PPP$ GDP.............15 57
4 Market sophistication........ccceceeercecrcecenennne. 38.4 101
4.1 Credit 358 62
4.1.1 Ease of getting credit* 85.0 7
412 Domestic credit to private sector, % GDP........iinnn 568 55
413 Microfinance gross loans, % GDP 00 67

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525

53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

(osta Rica

Investment 188
Ease of protecting minority INVESLOrS™.......rrsrsrinn 35.0
Market capitalization, % GDP% 35
Venture capital deals/bn PPPS GDP....mmrsssmininine0.0
Trade, competition, & Market SCale........emeseesrrsen 60.5
Applied tariff rate, weighted mean, %% ... 2./
Intensity of local competitiont 716
Domestic market scale, DN PPPS ... /9.3

Business sophistication..........ccceeeeeeenenenenn. 35.2
Knowledge workers 36.5

Knowledge-intensive employment, %.... —a Y
Firms offering formal training, % firms SN 7 /4
GERD performed by business, % of GDP%-.......mrnn0.2
GERD financed by business, %% 15
Females employed w/advanced degrees, % total..............13.0
Innovation linkages 213
University/industry research collaboration......................409
State of cluster development® 48.7
GERD financed by abroad, % 14
JV-strategic alliance deals/bn PPP$ GDP......ercriririenn0.0
Patent families 2+ offices/bn PPPS GDP.....cercriririen0.0

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ...
FDI net inflows, % GDP
Research talent, % in business enterprise®

Knowledge & technology outputs...........22.1

Knowledge creation 43
Patents by origin/bn PPP$ GDP 02
PCT patent applications/bn PPPS GDP........ccssrssnnnnn0.1

Utility models by origin/bn PPPS$ GDP........
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 224
Growth rate of PPPS GDP/WOTKET, %.....ccvvvrrssrssrirsrsnes (0.0)
New businesses/th pop. 15-64
Computer software spending, % GDP..... |
1ISO 9001 quality certificates/bn PPP$ GDP 3.7
High- & medium-high-tech manufactures, %%...................0.1

Knowledge diffusion
Intellectual property receipts, % total trade:...
High-tech exports less re-exports, % total trade.. .
ICT services exports, % total trade ...

FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP |
ICTs & business model creation ...

ICTs & organizational model creation™ ... 62.3
Creative goods & services 364
Cultural & creative services exports, % of total trade.............10.1
National feature films/mn pop. 1569 ... tO

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. .
Creative goods exports, % total trade ... 0.5

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cce.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 15-69.

127 O
121 O
83 O
62

65
61
48
80

52

68

66

6 ®
51

85 O
48

92
62
48
83 O
69
97 O

59

9%

93

77

52 0
75

61

99
88
66
52
71
77

22 @
79
33

50

40
a4
2 @
103 O
41
33

48
n/a
6 @
57

62
37
68
65
n/a
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Key indicators 42 Investment 252 123 0
Population (millions) 233 421 Ease of protecting minority iNVEStOrs*........rnn 400 111 O
GDP (US$ billions) 346 422 Market capitalization, % GDP 393 39 @
GDP per capita, PPP$ 3,315.8 423 Venture capital deals/bn PPP$ GDP%i........oeinnnn00 61
Income group Lower-middle income 43 Trade, competition, & Market SCale........ e 473 110
Region Sub-Saharan Africa 431 Applied tariff rate, weighted Mean, %.......nne 106 115
432 Intensity of local competitiont 629 90
score 0-100 433 Domestic market scale, bn PPPS$ 87.1 75

orvalue (hard data) ~ Rank

Global Innovation Index (out of 127).....ccceceerererernerenrernnnes 240 112

Innovation Output Sub-Index 05 o4 5 Bu5|‘ndess sot)hlstlcatlon..............................20.9 121 o
Innovation Input Sub-Index 284 121 O ;1 1 Emowledge workers | . 0/./ [ 1/0\
Innovation Efficiency Ratio 0 N e 5.1 .2 F‘now eﬁg(-%-lmfenwftemp oyr(r;egt, o.... 1; ? n;
. . irms offering formal training, % firMs® ... 19,
Global Innovation Index 2016 (out of 128 258 108
( ) 513 GERD performed by business, % of GDP.........ccom /@ N/a
. . i [
1 Institutions 51.0 94 21: SERD‘ﬁnanceld bydbujn;ess, % - g n;a n;a
. Political environment 343 107 . emales employed w/advanced degrees, % total..............n/a  n/a
1.1 Political stability & safety* 430 99 52 Innovation linkages 202 104
1.12  Government effectiveness* 254 105 521 University/industry research collaboration™..................382 81
i 3
13 Regulatory environment 75 77 522  State of cluster development 08 120 O
- 523  GERD financed by abroad, % n/a n/a
1.2 Regulatory quality 289 101 .
122 Ruleof law® 13 99 524  JV-strategic alliance deals/bn PPP$ GDP.....ccee0.0 100
123 Cost of redundancy dismissal, salary weeks................131 50 @ 525 Patent families 2+ offices/bn PPPS GDP.....rcsiinnn0.0 94
13 Business environment 613 91 ;; . morlv‘ctdgT absorptt\om ts % total trade® Hg o
13.1 Ease of starting a business* 914 43 @ - n' erec ua' property paymen >, Jototattrade
o 532 High-tech imports less re-imports, % total trade. . 101
132 Ease of resolving insolvency* 49.1 63 @ o a
133 Fase of baving taxes* 434 121 0 533 ICT services imports, % total trade® ... 0. 81
o paying ’ 534  FDInetinflows, % GDP. 100
. % i i i
2 Human capltal & research e 14.4 117 535 Research talent, % in business enterprise ... n/a
2.1 Education 350 99
2.1.1  Expenditure on education, % GDP.....commnnnit? 61 @ gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs .......... 20'6 :5/
. wie > Cl IC
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 274 18 @ wiedg .
) 6.1.1 Patents by origin/bn PPP$ GDP 03 86
213 School life expectancy, years 9.2 105 o
) ; . 6.1.2 PCT patent applications/bn PPPS GDP.......ccviinnnn0.0 96
214 PISA scales in reading, maths, & SCIENCE ..o N/A - N/ . .
) ) 6.1.3  Utility models by origin/bn PPP$ GDP....... n/a
215 Pupil-teacher ratio, secondary 266 98 L . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 111
22 Tertiary education 3 113 6.1.5  Citable documents H index 90
221 Tertiary enrolment, % gross. 9.2 108 .
o ) ) 6.2 Knowledge impact 448 16 @
222 Graduates in science & engineering, % ... N/a  N/a
o . 6.2.1 Growth rate of PPPS GDP/WOTKET, %0....ccovererescsrsrsisnnn 5.4 4 @
223 Tertiary inbound mobility, % 18 72 .
6.2.2 New businesses/th pop. 15-64 n/a
23 Research & development (R&D) 00 1150 623  Computer software spending, % GDP..... 120 O
231 Researchers, FTE/mn pop. n/a 6.24 ISO 9001 quality certificates/bn PPP$ GDP . 91
232 Gross expenditure On R&D, % GDP ... : n/a 625  High- & medium-high-tech manufactures, %.........o..n/a  N/a
233 Global R&D companies, avg. expend. top 3, mn SUS .00 43 O e
R . 6.3 Knowledge diffusion 17
234 QS university ranking, average score top 3*....coun0.0 75 O ) a
6.3.1 Intellectual property receipts, % total trade®... 91
1 - - 0
3 Infrastructure 26.5 114 6.3.2 High te;h exports less re exports,a@ total trade.. 76
) . ) 633 ICT services exports, % total trade® 90
3.1 Information & communication technologies (ICTS)................ 232 114 634 EDI net outf % GDP 103
311 ICT access* 379 101 - hetoutriows %
312 ICT use* 208 98 .
313 Government’s online service* 188 116 O 771 ‘Ctreata,e Ol.:tputs 18.71 0986
e ntangible assets
3.14 E-participation® 153 119 O i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP......... 104
32 General infrastructure 256 105 7.1.2  Industrial designs by origin/bn PPP$ GDP 50 @
3.2.1 Electricity output, KWh/cap. 3739 106 713 ICTs & business model creation® 81
322 Logistics performance* 250 93 714 ICTs & organizational model creation® ... 508 72 @
323 Gross capital formation, % GDP 202 79 - )
7.2 Creative goods & services 8 [117]
33 Ecological sustainability 308 114 721 Cultural & creative services exports, % of total trade..........00 72
331 GDP/unitof energy use 49 104 722 National feature films/mn pop. 15-69.....eneenN/a - D/a
332  Environmental performance* 599 101 723 Global ent. & media market/th pop. 15-69 n/a
333 ISO 14001 environmental certificates/bn PPP$ GDP............0.3 100 724 Printing & publishing manufactures, %...... n/a
725 Creative goods exports, % total trade ... 0.1 90
4 Market sophistication.........ccceceevceciineennc 29.1 123 © )

L 73 Online creativity 108
Lot 14911970 531 Generic top-level domains (TLDs)/th pop. 15-69 106
411 Ease of getting credit* 00 1080 7 Cene:C op | eﬁD ;’t::ams . 29 pop. o
412 Domestic credit to private sector, % GDP........crinnn23.1 106 7’3‘3 W(f_n ré.codi y > DOWPSA ég 108
413 Microfinance gross loans, % GDP 04 37 @ o _I Ipedia eatts/mn pop. 1>-6=

734  Video uploads on YouTube/pop. 15-69. n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.




Key indicators
Population (millions) 4.2
GDP (US$ billions) 49.9
GDP per capita, PPP$ 21,5814
Income group High income
Region Europe
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....ccceceruererreruererrernnnes 39.8 41
Innovation Output Sub-Index 316 46
Innovation Input Sub-Index 480 44
Innovation Efficiency Ratio 07 52
Global Innovation Index 2016 (out of 128) 383 47
1 Institutions 69.3 42
1.1 Political environment 665 43
1.1 Political stability & safety* 778 39
1.12  Government effectiveness* 552 44
1.2 Regulatory environment 67.1 51
1.2.1 Regulatory quality* 514 57
122 Rule of law* 453 52
123 Cost of redundancy dismissal, salary weeks......ccen 151 60
1.3 Business environment 743 55
1.3.1 Ease of starting a business* 856 76
132 Ease of resolving insolvency* 556 51
133 Ease of paying taxes* 817 42
2 Human capital & research...........ccceee0eeee.e. 37.4 47
2.1 Education 623 15
2.1.1 Expenditure on education, % GDP......nnnn 26 65
212  Gov't expenditure/pupil, secondary, % GDP/cap ......cc.....nN/a  n/a
2.13  School life expectancy, years 153 42
214 PISA scales in reading, maths, & SCIENCE v d 754 34
215  Pupil-teacher ratio, secondary® 8.0 7
22 Tertiary education 387 52
221 Tertiary enrolment, % gross®* 695 27
222 Graduates in science & engineering, %%.........vrnnnn 238 33
223 Tertiary inbound mobility, %% 04 93
23 Research & development (R&D) 11.0 56
231 Researchers, FTE/mn pop. 15015 43
232 Gross expenditure on R&D, % GDP ..o 42
233 Global R&D companies, avg. expend. top 3, mn SUS 43
234 QS university ranking, average score top 3*......nn: 65
3 Infrastructure 559 33
3.1 Information & communication technologies (ICTS)................ 724 33
3.1 ICT access*® 758 36
312 ICT use* 613 37
313 Government’s online service* 746 33
3.14 E-participation® 780 25
32 General infrastructure 329 83
321 Electricity output, KWh/cap 31689 61
322 Logistics performance* 508 50
323 Gross capital formation, % GDP 187 95
33 Ecological sustainability 624 12
331 GDP/unit of energy use 100 50
332 Environmental performance* 870 15
333 ISO 14001 environmental certificates/bn PPP$ GDP.............9.7 8
4 Market sophistication........ccccceceeeecncersennnnn. 42,1 88
4.1 Credit 6.9 92
4.1.1 Ease of getting credit* 550 67
412 Domestic credit to private sector, % GDP......innnn65.5 47
413 Microfinance gross loans, % GDP# 00 70

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.
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7.3
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(roatia

Investment

8.0

Ease of protecting minority INVESTOrS™ ...

Market capitalization, % GDP%

66.7
36.2

Venture capital deals/bn PPPS GDP.....vwmmmsessmsrised

Trade, competition, & Market SCale.......cmeseesrrsee

Applied tariff rate, weighted mean, %% ...

Intensity of local competitiont

Domestic market scale, bn PPPS ...

0.0

614

13
63.3
94.2

Business sophistication .........cceceeeeceeenenenes 35.1

Knowledge workers

520

Knowledge-intensive employment, 9.
Firms offering formal training, % fIrMS ...
GERD performed by business, % of GDP........mmmmen

GERD financed by business, %

Females employed w/advanced degrees, % total..............

Innovation linkages

356
49.3
.04
46.6
16.0

216

University/industry research collaboration® ...

State of cluster development’

31.1
327

GERD financed by abroad, %

JV-strategic alliance deals/bn PPPS GDP.....cwrersrsrirricd
Patent families 2+ offices/bN PPPS GDP.....wwmercmirir

Knowledge absorption

14.5
0.0
0.1

Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.

ICT services imports, % total trade ... 1

FDI net inflows, % GDP

Research talent, % in business enterprise ...

167

Knowledge & technology outputs...........25.4

Knowledge creation

19.3
20

Patents by origin/bn PPP$ GDP

PCT patent applications/bn PPPS GDP.........vcrsrsrssin

Utility models by origin/bn PPPS$ GDP........
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact

Growth rate of PPPS GDP/WOTKET, %o

New businesses/th pop. 15-64

Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP

High- & medium-high-tech manufactures, % ...

Knowledge diffusion

Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade

FDI net outflows, % GDP

Creative outputs

Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation®

ICTs & organizational model creation ...

Creative goods & services

Cultural & creative services exports, % of total trade®..........1.
National feature films/mn Pop. 1569 ....cwmmmssssnnds

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %.......

Creative goods exports, % total trade ...

Online creativity

Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69......cmece.
Wikipedia edits/mn pop. 15-69

Video uploads on YouTube/pop. 1569

76
26
41
68

62
18
87
73

53
32
36
23
37
23
37

89
103
113

33

74

62

70
24
70
36
57
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Key indicators 42 Investment 75 77
Population (millions) 12 421 Ease of protecting minority INVESLOrs™ ... 06.7 26
GDP (US$ billions) 19.9 422 Market capitalization, % GDP 138 71
GDP per capita, PPP$ 32,785.5 423 Venture capital deals/bn PPPS GDP......csiicsinnnnn0.0 38
Income group High income 43 Trade, competition, & Market SCale......ooess. 563 86
Region Northern Africa and Western Asia 431  Applied tariff rate, weighted mean, %..........c..wmmnnn 6 23
432 Intensity of local competition® 719 42

score 0-100 433 Domestic market scale, bn PPPS$ 293 109

orvalue (hard data) ~ Rank

Global Innovation Index (out of 127).....cccecerereerenrereerecnenee. 46.8 30

Innovation Output Sub-Index 307 2% 5 Bu5|‘ndess sot)hlstlcatlon TR . » 3y AC i |
Innovation Input Sub-Index 539 32 ; ] Enowledge . | o ig gz
Innovation Efficiency Ratio 07 28 5.1 .2 F‘now eﬁgg-mtfenswien.wp. oyr(r;egt, B / ’
. . irms offering formal training, % firMS ... /@ N/a
Global Innovation Index 2016 (out of 128 463 31
( ) 513 GERD performed by business, % of GDP 65
. . o0
1 Institutions 81.0 21 21: SERD‘ﬁnanceld bydbujn;ess, % dd g 5 ?j
. Political environment 729 34 . emales employed w/advanced degrees, % total..............24.
1.1 Political stability & safety* 770 41 52 Innovation linkages 417 26
1.12  Government effectiveness* 688 32 521 University/industry research collaboration™...............392 73
T
1.2 Regulatory environment 846 20 522 State of cluster developmentﬂ 46705
- 523  GERD financed by abroad, %" 237 17
121 Regulatory quality 692 32 o
122 Ruleof law® 600 28 524  JV-strategic alliance deals/bn PPPS GDP....ociicn0.2 6
123 Cost of redundancy dismissal, salary weeks....................80 1 525 Patent families 2+ offices/bn PPPS GDP.....ccciccn b 22
1.3 Business environment 85.7 20 ;; \K:UIVIV‘CSQT absorptt\om ts % total trad 2:
13.1 Ease of starting a business* 912 45 - n' erec ua. property paymen >, Jototaltrade..
o 532 High-tech imports less re-imports, % total trade. . 118
132 Ease of resolving insolvency* 814 15 o
133 Fase of paving taxes* 845 30 533 ICT services imports, % total trade ... 1
- paying ’ 534  FDInetinflows, % GDP. 34
) o ) )
2 Human capltal & researchon.39.9 40 535 Research talent, % in business enterprise......mn21.5 53
o ducaton e 6 Knowledge & technology outputs 413 17
2.1.1  Expenditure on education, % GDP 64 16 . Knowledae 3%1' . ay PULS covveveennn BT . o
. wie > Cl IC
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 37.9 7 wiecg .
) 6.1.1 Patents by origin/bn PPP$ GDP 1.5 55
2.13  School life expectancy, years 146 57 612 PCT patent lications/bn PPPS GDP 15 9%
214  PISA scales in reading, maths, & SCIENCE v 437.5 46 o - patent applica .\o.ns n Crmmmm—
) ) 6.1.3  Utility models by origin/bn PPP$ GDP....... n/a
215 Pupil-teacher ratio, secondary 104 29 7 . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 15
22 Tertiary education 537 16 6.1.5  Citable documents H index 70
221 Tertiary enrolment, % gross. 60.1 42 62 Knowledge impact 07 »3
. NOowWI | .
222 Graduates in science & engineering, % ... 19.0 65 9 P
o . 6.2.1 Growth rate of PPPS GDP/WOTKET, % ... 0.7 66
223 Tertiary inbound mobility, % 176 8 )
6.2.2 New businesses/th pop. 15-64 7
23 Research & development (R&D) 56 74 623  Computer software spending, % GDP.... 78
231 Researchers, FTE/mn pop. 10138 48 624 1509001 quality certificates/bn PPP$ GDP 9
232 Gross expenditure on R&D, 9 GDP ... 05 67 6.25  High- & medium-high-tech manufactures, %...........u..0.1 66
233 Global R&D companies, avg. expend. top 3, mn $US 0 43 . o
N , 6.3 Knowledge diffusion 7
234 QS university ranking, average score top 3*....ccnnn0.0 75 ) a
6.3.1 Intellectual property receipts, % total trade®... 86
1 - - 0
3 Infrastructure 48.1 59 6.3.2 High te;h exports less re exports,a@ total trade.. 86
) . ) - 633 ICT services exports, % total trade® 6
3.1 Information & communication technologies (ICTs)..............57.7 65 634 EDI net outf % GDP .
311 ICT access* 702 51 o hetoutriows %
312 ICT use* 546 50 .
313 Government's online service* 536 78 771 ‘Ctrea,ta,e Ol.:tputs 4519
S ntangible assets ¢
3.14 E-participation® 525 82 i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP......... 23
32 General infrastructure 234 113 7.2 Industrial designs by origin/bn PPP$ GDP 22
3.2.1 Electricity output, kWh/cap. 50581 41 713 ICTs & business model creation® 86
322  Logistics performance® 433 58 714 ICTs & organizational model creation® ..o 466 86
323 Gross capital formation, % GDP 104 121 - ,
7.2 Creative goods & services 04 58
33 Ecological sustainability 632 10 721 Cultural & creative services exports, % of total trade.........0.5 28
33.1  GDP/unit of energy use 130 20 722 National feature films/mn pop. 1569 ... 6 43
332  Environmental performance* 802 40 723  Global ent. & media market/th pop. 15-69 n/a
333 1SO 14001 environmental certificates/bn PPP$ GDP............8.8 9 724  Printing & publishing manufactures, %...... 2. 13
725 Creative goods exports, % total trade ... 0.0 107
4 Market sophistication........ccccceceeeeererseneenn. 57.9 - 19 ) )
L 73 Online creativity 23
Lot we 731 Generic top-level domains (TLDs)/th pop. 15-69 8
4.1.1 Ease of getting credit* 55 7'3'2 Ceneilc opd eﬁD ;)tr;:ams s 29 pop. o
412 Domestic credit to private sector, % GDP 1 . c?u.n ry.co ? R —
413 Microfinance gross loans, % GDP n/a 733 Wikipedia edits/mn pop. 15-69% 32
o ' 734 Video uploads on YOuTUDE/POP. 15=69.....wmmimmisesies n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.




Key indicators
Population (millions) 10.5
GDP (US$ billions) 193.5
GDP per capita, PPP$ 31,549.5
Income group High income
Region Europe
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out 0of 127).....cccecererereerereerennenee 51.0 24
Innovation Output Sub-Index 462 16
Innovation Input Sub-Index 557 27
Innovation Efficiency Ratio 08 13
Global Innovation Index 2016 (out of 128) 494 27
1 Institutions 776 30
1.1 Political environment 78.1 24
1.1 Political stability & safety* 87.1 18
112 Government effectiveness* 69.2 31
1.2 Regulatory environment 734 37
121 Regulatory quality* 699 31
122 Rule of law* 722 27
123 Cost of redundancy dismissal, salary weeks.......onnnn 202 83
1.3 Business environment 813 28
1.3.1 Ease of starting a business* 869 66
132 Ease of resolving insolvency* 764 24
133 Ease of paying taxes* 80.7 45
2 Human capital & research............ceee0ev.... 47.6 - 30
2.1 Education 545 43
2.1.1 Expenditure on education, % GDP.........msmnnd 1 78
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 237 36
2.13  School life expectancy, years 168 17
214  PISA scales in reading, maths, & SCIENCE v 4908 28
215  Pupil-teacher ratio, secondary® 15 37
22 Tertiary education 496 21
221 Tertiary enrolment, % gross®* 660 34
222 Graduates in science & engineering, % ... 232 36
223 Tertiary inbound mobility, %% 98 21
23 Research & development (R&D) 38.7 28
231 Researchers, FTE/mn pop. 36119 25
232 Gross expenditure on R&D, % GDP 20 19
233  Global R&D companies, avg. expend. top 3, mn $US..........37.5 40
234 QS university ranking, average score top 3*...n2 /.6 42
3 Infrastructure 573 30
3.1 Information & communication technologies (ICTS)................ 61.0 56
3.1 ICT access*® 746 38
312 ICT use* 655 28
313 Government’s online service* 478 89
3.14 E-participation® 559 74
32 General infrastructure 512 20
321 Electricity output, KWh/cap 78230 24
322 Logistics performance* 745 25
323 Gross capital formation, % GDP 26.1 36
33 Ecological sustainability 598 17
331 GDP/unit of energy use 75 78
332 Environmental performance* 847 27
333 ISO 14001 environmental certificates/bn PPP$ GDP...........11.3 5
4 Market sophistication........cccceceeeeencriennnnne. 50.2 - 47
4.1 Credit 44.7 41
4.1.1 Ease of getting credit* 700 29
412 Domestic credit to private sector, % GDP 503 70
413 Microfinance gross loans, % GDP... n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.
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6.2.3
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6.2.5

6.3
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7.1

7.1
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721
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7.3
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733
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(zech Republic B2

Investment 4.1
Ease of protecting minority INVESLOrs™........rrsrirsnn60.0
Market capitalization, % GDP% 174
Venture capital deals/bn PPPS GDP....mmrsssmininine0.0
Trade, competition, & Market SCale........emeseesrrsen 719
Applied tariff rate, weighted Mean, % 1.6
Intensity of local competitiont 794
Domestic market scale, bn PPPS ......ercsmimsicisninn 350.9

Business sophistication...........ccccecereceeeeeeee. 45.9

Knowledge workers 536
Knowledge-intensive employment, %...........nn37.6
Firms offering formal training, % firMS ... 5.1
GERD performed by business, % of GDP.....mm 1.1
GERD financed by business, % 34.5
Females employed w/advanced degrees, % total..............11.6
Innovation linkages 6.8
University/industry research collaboration®.................444
State of cluster development® 46.7
GERD financed by abroad, % 325
JV-strategic alliance deals/bn PPP$ GDP......ercriririenn0.0
Patent families 2+ offices/bn PPPS GDP....wrcsriirien0.7

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade ... 1
FDI net inflows, % GDP
Research talent, % in business enterprise.....mn.50.3

Knowledge & technology outputs...........45.8

Knowledge creation 46.8
Patents by origin/bn PPP$ GDP 32
PCT patent applications/bn PPPS GDP.......ccsririrnnnn 0.6

Utility models by origin/bn PPP$ GDP.......
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 52.0
Growth rate of PPPS GDP/WOTKET, %....cccvwvrrrsrrirsrsrsirinnn 3.0
New businesses/th pop. 15-64
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP
High- & medium-high-tech manufactures, %........ccceee 0.5

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade ...
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP .
ICTs & business model creation ...

ICTs & organizational model creation ... 636
Creative goods & services 399
Cultural & creative services exports, % of total trade®..........0.5
National feature films/mn pop. 15-69 .../ 2

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %....... .
Creative goods exports, % total trade ... 9.8

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cmce.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569

89
52
63

o

o
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Key indicators
Population (millions) 5.7
GDP (US$ billions) 302.6
GDP per capita, PPP$ 45,709.4
Income group High income
Region Europe
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....ccceceververenrereerenrenes 387 6
Innovation Output Sub-Index 487 12
Innovation Input Sub-Index 68.7 6
Innovation Efficiency Ratio 07 34
Global Innovation Index 2016 (out of 128) 585 8
1 Institutions 914 6
1.1 Political environment 876 13
1.1 Political stability & safety* 855 25
1.12  Government effectiveness* 89.7 6
1.2 Regulatory environment 96.4 4
1.2 Regulatory quality* 86.5 11
122 Rule of law* 99.0 3
123 Cost of redundancy dismissal, salary weeks.......nn8.0 1
1.3 Business environment 90.3 4
13.1 Ease of starting a business* 94.1 22
132 Ease of resolving insolvency* 84.9 8
133 Ease of paying taxes* 92.1 7
2 Human capital & research...........ccceee0e0e0e0e. 66.1 3
2.1 Education 74.1 4
2.1.1 Expenditure on education, % GDP 86 2
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 282 15
2.13  School life expectancy, years 19.2 6
214  PISA scales in reading, maths, & SCIENCE v 5043 16
215  Pupil-teacher ratio, secondary® 13 34
22 Tertiary education 50.0 19
221 Tertiary enrolment, % gross®* 815 14
222 Graduates in science & engineering, % ... 204 53
223 Tertiary inbound mobility, %% 99 18
23 Research & development (R&D) 742 7
231 Researchers, FTE/mn pop. 2
232 Gross expenditure on R&D, % GDP ..o 6
233 Global R&D companies, avg. expend. top 3, mn SUS 17
234 QS university ranking, average score top 3*......n 15
3 Infrastructure 63.2 15
3.1 Information & communication technologies (ICTS)................ 833 14
3.1 ICT access*® 85.2 14
312 ICT use* 89.1 1
313 Government’s online service* 775 28
3.14 E-participation® 814 22
32 General infrastructure 431 44
321 Electricity output, KWh/cap 50760 40
322 Logistics performance* 810 17
323 Gross capital formation, % GDP 196 86
33 Ecological sustainability 632 11
331 GDP/unit of energy use 149 1
332 Environmental performance* 89.2 4
333 ISO 14001 environmental certificates/bn PPP$ GDP.............39 24
4 Market sophistication........ccccceceececrccirennenn. 70.2 - 6
4.1 Credit 70.0 6
4.1.1 Ease of getting credit* 700 29
412 Domestic credit to private sector, % GDP 741 5
413 Microfinance gross loans, % GDP... n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515

52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
6.34

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Investment 714
Ease of protecting minority INVESLOrS™ .../ 1.7
Market capitalization, % GDP n/a
Venture capital deals/bn PPPS GDP....wmmsssrisirirn0.2
Trade, competition, & Market SCale.........cseseesrrson 69.1
Applied tariff rate, weighted mean, %.......icnnn 1.6
Intensity of local competitiont 742

Domestic market scale, BN PPPS ... 2648

Business sophistication .........cccceceeeeerenenenn. 52.5

Knowledge workers 70.3
Knowledge-intensive employment, %..........nnd5.1
Firms offering formal training, % firMs ... N/
GERD performed by business, % of GDP......mrn 1.9
GERD financed by business, % 594
Females employed w/advanced degrees, % total................21.8
Innovation linkages 46.1
University/industry research collaboration.................64.0
State of cluster development’ 60.7
GERD financed by abroad, % 6.5
JV-strategic alliance deals/bn PPP$ GDP.......cwrcririenn0.1
Patent families 2+ offices/bn PPPS GDP....rcriririen8.0

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade
FDI net inflows, % GDP 0.0
Research talent, % in business enterprise ... 58.0

Knowledge & technology outputs...........43.9

Knowledge creation 503
Patents by origin/bn PPP$ GDP 131
PCT patent applications/bn PPPS GDP........csrssrncnn5. 1

Utility models by origin/bn PPP$ GDP.......
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact 9.8
Growth rate of PPPS GDP/WOTKET, %....vvrrrssrirsrirririnn0.1
New businesses/th pop. 15-64
Computer software spending, % GDP.....
ISO 9001 quality certificates/bn PPP$ GDP .
High- & medium-high-tech manufactures, %..........ccce. 0.4

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP .
ICTs & business model creation ...

ICTs & organizational model creation ......nn 741
Creative goods & services 398
Cultural & creative services exports, % of total trade®.........0.7
National feature films/mn pop. 15-69 ... 1 7.7

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %....... .
Creative goods exports, % total trade ... 1.8

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69....cccwmce.

Wikipedia edits/mn pop. 15-69
Video uploads on YouTube/pop. 1569




Dominican Republic

Key indicators 42 Investment 533 [24]
Population (millions) 10.6 421 Ease of protecting minority iNVEStOrs*........n 533 80
GDP (US$ billions) 715 422 Market capitalization, % GDP n/a n/a
GDP per capita, PPP$ 14,983.7 423 Venture capital deals/bn PPPS GDP.......ccsi N/@ - N/
Income group Upper-middle income 43 Trade, competition, & Market SCale........ e 603 67
Region Latin America and the Caribbean 431 Applied tariff rate, weighted mean, %..........oooowwwommnn6.3 100
432 Intensity of local competitiont 766 20 @
score 0-100 433 Domestic market scale, bn PPPS ... 1609 66

orvalue (hard data) ~ Rank

Global Innovation Index (out of 127).....cccecerererenrereerenrennee 312 79

Innovation Output Sub-Index us 7 5 Bu5|‘ndess sot)hlstlcatlon reernsnsnssssnssesnennnnnens 31,9 67
Innovation Input Sub-Index 378 88 ; : Emowledge Workers I o ?;”9 ;Z ®
Innovation Efficiency Ratio 06 54 e 5.1 .2 F‘now eﬁgg-mtfenswvtleterrl\p. oyr(r;egt, o.... ..........57.0 L.
. . irms offering formal training, % firMs& ... 572
Global Innovation Index 2016 (out of 128 306 76
( ) 513 GERD performed by business, % of GDP.........cccr /@ N/a
. . i 9
1 Institutions 51.8 90 21;1 EERD‘ﬁnanceld bydbujn;ess, % i o 12/; nS/;
. Political environment 506 69 . emales employed w/advanced degrees, % total...............12.
1.1 Political stability & safety* 680 53 @ 52 Innovation linkages 248 75
1.12  Government effectiveness* 333 88 521 University/industry research collaboration™.................31.8 101
T
13 Regulatory environment 488 104 522  State of cluster development 459 60
) 523  GERD financed by abroad, % n/a n/a
121 Regulatory quality* 412 73 o
122 Ruleof law® %1 89 524  JV-strategic alliance deals/bn PPP$ GDP......cccee00 109 O
123 Cost of redundancy dismissal, salary weeks.................262 103 525 Patent families 2+ offices/bn PPPS GDP....erccriinnen0.0 100
13 Business environment 559 112 ;i . ‘K:U“\/‘QtdgT absorpt‘ﬂom ts % total trade® 12?
131 Ease of starting a business* 833 89 = n' clec ua' property paymen > b totaltrade
o 532 High-tech imports less re-imports, % total trade. . 99
132 Ease of resolving insolvency* 236 125 O o a
133 Fase of paving taxes* 07 93 533 ICT services imports, % total trade® .......cmssinnn 0.3 115
> paying ' 534 FDInet inflows, % GDP 52 e
. % i i i
2 Human capltal & research o 17.6 109 535 Research talent, % in business enterprise ... n/a
2.1 Education 266 115
211 Expenditure on education, % GDP% ... 2] 113 O gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs..........1 70?; ?2:7 o
. wie > Cl IC .
212 Gov't expenditure/pupil, secondary, % GDP/cap .....c. 150 83 ecs -
) 6.1.1 Patents by origin/bn PPP$ GDP 01 102
213 School lfe expectancy, years 13270 612 PCT patent applications/bn PPPS GDP o1 7
214  PISA scales in reading, maths, & science.......: 339.0 70 O o - P PP o Trmmm—™
) ) 6.1.3  Utility models by origin/bn PPP$ GDP........ 57
215 Pupil-teacher ratio, secondary 22.1 87 L . .
6.14  Scientific & technical articles/bn PPP$ GDP .. 126 O
22 Tertiary education 261 91 6.1.5  Citable documents H index 117 O
221 Tertiary enrolment, % gross®* 475 55 62 Knowledae impact 15 56
. now! | .
222 Graduates in science & engineering, % ... 144 87 ‘ 9 pa °
o N a 6.2.1 Growth rate of PPPS GDP/WOTKET, %o...vceeeeeeeeeeeseeseeseesrernn 3 13 @
223 Tertiary inbound mobility, %% 23 65 )
6.2.2 New businesses/th pop. 15-64 62
23 Research & development (R&D) 00 115 O 623  Computer software spending, % GDP... 117 O
231 Researchers, FTE/mn pop. n/a 6.24 ISO 9001 quality certificates/bn PPP$ GDP . 103
232 Gross expenditure On R&D, % GDP ... n/a 625  High- & medium-high-tech manufactures, %...........c..n/a  n/a
233 Global R&D companies, avg. expend. top 3, mn SUS 43 O
o plm 5 avg. expen P n 6.3 Knowledge diffusion 98
234 QS university ranking, average score top 3*......nn. 75 O .
6.3.1 Intellectual property receipts, % total trade..... n/a
i - - 0y
3 Infrastructure 424 78 Zi; E\?h te;h exportstlei; rte [eT;:ordts,ﬂ@ total trade.. gé]%
3.1 Information & communication technologies (ICTS)............... 444 89 6.3‘4 oI sertvlcetsﬂexpo:/s,GloDPo altradex on 117 0
310 ICTaccess® 438 94 > net outtiows, % '
312 ICT use* 341 78 .
3.1.3 Government’s online service* 507 83 771 ‘Ctreata,e Ol.:tputs 66?%
e ntangible assets
3.14 E-participation® 492 89 i
particip 7.1.1  Trademarks by origin/bn PPP$ GDP......... 54
32 General infrastructure 270 102 7.2 Industrial designs by origin/bn PPP$ GDP 0. 91
321 Electricity output, kWh/cap. 1,7841 80 713 ICTs & business model creation™ e 44 @
322  Logistics performance* 261 89 714  ICTs & organizational model creation® ... 556 53 @
323 Gross capital formation, % GDP 20.1 80 - )
7.2 Creative goods & services 302 [30]
33 Ecological sustainability 57 28 @ 721 Cultural & creative services exports, % of total trade..........n/a  n/a
33.1  GDP/unit of energy use 16.9 7@ 722 National feature films/mn pop. 15-69% ... 79
332  Environmental performance* 753 56 723  Global ent. & media market/th pop. 15-69 n/a
333 ISO 14001 environmental certificates/bn PPP$ GDP............0.2 108 724 Printing & publishing manufactures, %...... n/a
725  Creative goods exports, % total trade .......2 2 21 @
4 Market sophistication........ccccceeeveeenevrrenennn. 5.4 70 )

L 7.3 Online creativity 81
Lt o 731 Generic top-level domains (TLDs)/th pop. 15-69 66
411 Ease of getting credit* 450 84 L Cene;'c op i} eﬁD ;’t::ams " 29 pop. o
412 Domestic credit to private sector, % GDP........nnn 271 102 7’3‘3 V\/(?Ljn r(yi.codi y > DOWpS. 6§ 0
413 Microfinance gross loans, % GDP 0. 29 @ o _I Ipedia edits/mn pop. 1>-6=

734  Video uploads on YouTube/pop. 15-69. n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.
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Fcuador

Key indicators

Population (millions) 16.4
GDP (US$ billions) 99.1
GDP per capita, PPP$ 11,263.6
Income group. Upper-middle income
Region Latin America and the Caribbean

Score 0-100
or value (hard data)

Global Innovation Index (out of 127).....cccecererernererneracennes 29.1

Innovation Output Sub-Index 22.2
Innovation Input Sub-Index 36.1
Innovation Efficiency Ratio 0.6
Global Innovation Index 2016 (out of 128) 27.1
1 Institutions 43.3
1.1 Political environment 46.2
1.1 Political stability & safety* 614
1.12  Government effectiveness* 310
1.2 Regulatory environment 20
1.2 Regulatory quality* 129
122 Rule of law* 94
123 Cost of redundancy dismissal, salary weeks.......n31.8
13 Business environment 51.7
1.3.1 Ease of starting a business* 70.6
132 Ease of resolving insolvency* 252
133 Ease of paying taxes* 59.3
2 Human capital & research..........ccccever000ee. 22.8
2.1 Education 39.1
2.1.1 Expenditure on education, % GDP......ssnnn b9
212 Gov't expenditure/pupil, secondary, % GDP/Cap .50
213 School life expectancy, years®: 15.1
214 PISA scales in reading, maths, & SCIENCE ...cvvrrsrrsrsrirsenn N/
215 Pupil-teacher ratio, secondary 223
22 Tertiary education 228
221 Tertiary enrolment, % gross®* 40.5
222 Graduates in science & engineering, % ... 14.9
223 Tertiary inbound mobility, %% 06
23 Research & development (R&D) 6.5
231 Researchers, FTE/mn pop.2* 400.7
232 Gross expenditure on R&D, % GDPE. ..o 04
233  Global R&D companies, avg. expend. top 3, mn SUS 0
234 QS university ranking, average score top 3*..... 1 1.1
3 Infrastructure 434
3.1 Information & communication technologies (ICTs)................50.7
EAN ICT access* 49.0
312 ICT use* 331
313 Government’s online service* 63.0
3.14 E-participation® 576
32 General infrastructure 33.8
321 Electricity output, KWh/cap 1,528.7
322 Logistics performance* 331
323 Gross capital formation, % GDP 24.7
33 Ecological sustainability 45.7
331 GDP/unit of energy use 119
332 Environmental performance* 66.6
333 ISO 14001 environmental certificates/bn PPP$ GDP.............1.2
4 Market sophistication........cceceeeececrrceenennne 45.8
4.1 Credit 46.2
4.1.1 Ease of getting credit* 45.0
412 Domestic credit to private sector, % GDP.......irnn 269
413 Microfinance gross loans, % GDP 4.7

Rank
92
83
95
66
100

116
78
70
91

122
124
121
120

O 0O

119
118
124 O
96

93

89

56
106 O
45 @
n/a

88

99
65
86
89

71
66
68
43 O
62

76
77
84
80
57
70

78
85
74
46 @

60
28 @
88
60

68
38 @

84

103
8 ®

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

4.3.1
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525

53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5

6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

701
712
713
714

721
722
723
724
725

731
732
733
734

Investment 1.6
Ease of protecting minority INVESLOrS™.......crssnnnn46.7
Market capitalization, % GDP n/a
Venture capital deals/bn PPP$ GDP%.........connnn 0.0
Trade, competition, & Market SCale.......cmescesrrsen 595
Applied tariff rate, weighted mean, %.......iicnn 5.6
Intensity of local competitiont 66.9
Domestic market scale, DN PPPS ... 1824

Business sophistication .........cceceeeececenenenes 25.1
Knowledge workers 359

Knowledge-intensive employment, %.... J—
Firms offering formal training, % firms SRR ¢ 1)
GERD performed by business, % of GDP%-.........mrnn0.2
GERD financed by business, %% 0.1
Females employed w/advanced degrees, % total...............10.6
Innovation linkages 17.0
University/industry research collaboration...................35.1
State of cluster development’ 37.7
GERD financed by abroad, % 25
JV-strategic alliance deals/bn PPP$ GDP......ercriririenn0.0
Patent families 2+ offices/bn PPPS GDP...cercrinirinn0.0
Knowledge absorption 6

Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade. .
ICT services imports, % total trade ... 0.0
FDI net inflows, % GDP 09
Research talent, % in business enterprise® S X}

Knowledge & technology outputs........... 14.3

Knowledge creation 5
Patents by origin/bn PPP$ GDP# 0.0
PCT patent applications/bn PPPS GDP........ccscsrsriinnnnn 0.0

Utility models by origin/bn PPP$ GDP%.... 0.1
Scientific & technical articles/bn PPP$ GDP .. 6.0
Citable documents H index 7

Knowledge impact 23.1
(1.1

Growth rate of PPPS GDP/WOTKET, %o
New businesses/th pop. 15-64
Computer software spending, % GDP.....
ISO 9001 quality certificates/bn PPP$ GDP X
High- & medium-high-tech manufactures, %%..................0.1

Knowledge diffusion
Intellectual property receipts, % total trade......
High-tech exports less re-exports, % total trade.. |
ICT services exports, % total trade 04
FDI net outflows, % GDP 0.1

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP#:
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation®

ICTs & organizational model creation ...

Creative goods & services 120
Cultural & creative services exports, % of total trade...............0.3
National feature films/mn POP. 1569 ...cwmrsmmsmsmrirnni2 |

Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %% .. .
Creative goods exports, % total trade .....n0.1

Online creativity 137
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 1569w

Wikipedia edits/mn pop. 15-69%
Video uploads on YouTube/pop. 15=69......mmmnsn

103
95
n/a
85

72
96
73
59

103

124
106
61

109
104
121

106

66
48
31

n/a
76
67

82
37
60
n/a
33
104

83
76
78
86
n/a



Foypt 3

Key indicators 42 Investment 266 121 O D
Population (millions) 934 421 Ease of protecting minority INVESLOrs™.......rnnn 483 92 kS
GDP (US$ billions) 330.2 422 Market capitalization, % GDP 167 64 D;
GDP per capita, PPP$ 11,849.6 423 Venture capital deals/bn PPPS GDP.....vssccsiinnnnn0.0 72 g
Income group Lower-middle income 43 Trade, competition, & Market SCale.......weoeesee 634 56 S
Region Northern Africa and Western Asia 431  Applied tariff rate, weighted mean, %..............cowmmnnn? .0 103 =
432 Intensity of local competitiont 539 117 O §

score 0-100 433 Domestic market scale, bn PPPS ... 1,105.0 21 @ S

orvalue (hard data) ~ Rank

Global Innovation Index (out of 127).....ccceceererereruerereernenes 26,0 105

Innovation Output Sub-Index 193 97 5 KBu5|‘ndess sot)hlstlcatlon..............................21.2 12008 o
Innovation Input Sub-Index 327 106 ;1 1 Kmowledge workers | . 3;.9 140
Innovation Efficiency Ratio 06 81 5.1 .2 F‘novv eﬁgg-lntfensvaterf\;al oyr(r;egt, B 5.2 . ;
. . irms offering formal training, % fIrMS ... 5.
Global Innovation Index 2016 (out of 128 260 107
( ) 513 GERD performed by business, % of GDP.........crnnn. 0.0 72
. . i 9 6
1 Institutions 40.4 121 o 21;‘ EERD‘ﬁ”a”Cﬂd by db“j'“de“' o e 5'2 ;2
1.1 Political environment 269 119 o emales employed wyadvanced degrees, 7 total o
1.1 Political stability & safety* 313 119 52 Innovation linkages 192 113
1.12  Government effectiveness* 226 113 521 University/industry research collaboration™®....................23.8 121 O
+ 5
13 Regulatory environment 31 120 O 522  State of cluster developmentﬂ» 45 31 @
191 Requlatory quality® 18 111 523  GERD financed by abroad, %% 01 98 O
o 9 v quality ’ 524  JV-strategic alliance deals/bn PPPS GDP......crriirnnen0.0 103
122 Rule of law* s 92 525  Patent families 2+ offices/bn PPP$ GDP 00 83
123 Cost of redundancy dismissal, salary weeks......ccoennn36.8 122 O - Trmmmmm————
- e 5
13 Business environment 613 90 ;; . ‘K:Urlv‘(tdg(‘ absorptt\om ts % total trade® 1;2_}
131 Ease of starting a business* P24 33 @ - n' erec ua' property paymen >, Jototattrade
o 532 High-tech imports less re-imports, % total trade. . 56
132 Ease of resolving insolvency* 395 97 o e
133 Fase of paving taxes* 50 111 533 ICT services imports, % total trade® ... 0. 86
o paying ’ 534  FDInetinflows, % GDP. 88
. % i i i
2 Human capltal & 1reS€arch e 26.9 82 535 Research talent, % in business eNtErPriSe ... 73
2.1 Education 486 58
2.1.1  Expenditure on education, % GDP%.....oomeinnnn3.8 86 gW KKmr:)O\‘,:(:egg:l&):EChnObgy outputs........... 1 7'00 9/?
. wie > Cl IC 3
212 Gov't expenditure/pupil, secondary, % GDP/cap ......cce...N/a  N/a wiecg . o
) 6.1.1 Patents by origin/bn PPP$ GDP% 08 69
2.13  School life expectancy, years 131 71 o
) ; ) 6.1.2 PCT patent applications/bn PPPS GDP.......ciiinnnn0.0 88
214  PISA scales in reading, maths, & SCIENCE ..o N/A - N/ . .
) ) - 6.1.3  Utility models by origin/bn PPP$ GDP....... n/a
215  Pupil-teacher ratio, secondary® 144 60 o . )
6.14  Scientific & technical articles/bn PPP$ GDP .. 67
22 Tertiary education 202 103 6.15  Citable documents H index 50
221 Tertiary enrolment, % gross. 362 72 62 Knowledae impact 253 9o
. NOowWI | .
222 Graduates in science & engineering, % ... 1 1.8 97 O ¢ 9 P
o o a 6.2.1 Growth rate of PPPS GDP/Worker, %.......ooeeceecssininnn 0.7 69
223 Tertiary inbound mobility, %% 19 70 . P
6.2.2 New businesses/th pop. 15-64%+ 99 O
23 Research & development (R&D) 119 54 623  Computer software spending, % GDP.... 46 @
231 Researchers, FTE/mn pop. 6798 57 624 1SO 9001 quality certificates/bn PPP$ GDP 2. 87
232 Gross expenditure on R&D, % GDP....ocie 07 49 625  High- & medium-high-tech manufactures, %%................02 60
233 Global R&D companies, avg. end. top 3, mn SUS 0 43 O
R plm > ave. expen P ne 6.3 Knowledge diffusion 97
234 QS university ranking, average score top 3*....comnnnn 229 48 @ ) a
6.3.1 Intellectual property receipts, % total trade®... 33 e
i - - 0
3 Infrastructure 384 93 6.3.2 High te;h exports less re exports,a@ total trade.. 104
) . ) 633 ICT services exports, % total trade® 59
3.1 Information & communication technologies (ICTS)................ 430 91 634 FDI net outf % GDP 94
310 ICTaccess® 530 78 s net outtiows, %
312 ICT use* 314 84 .
313 Government’s online service* 47.1 90 771 ‘Ctreata,e Ol.:tputs %Z
S ntangible assets
3.14 E-participation® 407 97 i
P P 7.1.1  Trademarks by origin/bn PPP$ GDP......... 99
32 General infrastructure 274 100 7.2 Industrial designs by origin/bn PPP$ GDP 51
3.2.1 Electricity output, kWh/cap. 19172 78 713 ICTs & business model creation® 97
322 Logistics performance* 519 48 @ 714 ICTs & organizational model creation® ... 457 88
323 Gross capital formation, % GDP 145 113 - ,
7.2 Creative goods & services 15.2 73
33 Ecological sustainability 449 63 721 Cultural & creative services exports, % of total trade..........n/a  n/a
331  GDP/unit of energy use 18 29 @ 722 National feature films/mn pop. 15-69 ...ccmmciennn06 90
332  Environmental performance* 66.5 89 723 Global ent. & media market/th pop. 15-69 56 ~
333 ISO 14001 environmental certificates/bn PPP$ GDP............08 70 724 Printing & publishing manufactures, %% .. 0. 93 O =
~N
725  Creative goods exports, % total trade ... 1.9 26 @ =
4 Market sophistication........ccccceeeeeeenerirenense. 36.7 107 ) a
- 73 Online creativity 97 =
Lt v 731 Generic top-level domains (TLDs)/th pop. 15-69 90 =
4.1.1 Ease of getting credit* 500 72 7'3'2 Ceneilc opd eﬁD ;)tr;:ams 15 29 pop. 120 © E
412 Domestic credit to private sector, % GDP.........rinnn 265 104 o (?u,n rylco ? SN POP. 1070 e =
413 Microfinance gross loans, % GDP 00 61 /33 Wikipedia edits/mn pop. 15-69 o1 e
o ' 734 Video uploads on YouTube/pop. 15=69.......mccen /-9 65 =
=
=<
(-]
NOTES: @ indicates a strength; O a weakness; * an index; ta survey question. E
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org. -
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details. =
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Key indicators

Population (millions) 6.1
GDP (US$ billions) 26.6
GDP per capita, PPP$ 8,302.5
Income group. Lower-middle income
Region Latin America and the Caribbean

Score 0-100
or value (hard data)

Rank

Global Innovation Index (out of 127).....ccceceerererernerereernnnes 26.7 103

Innovation Output Sub-Index 173
Innovation Input Sub-Index 36.1
Innovation Efficiency Ratio 0.5
Global Innovation Index 2016 (out of 128) 26.6
1 Institutions 535
1.1 Political environment 49.3
1.1 Political stability & safety* 62.6
1.12  Government effectiveness* 359
1.2 Regulatory environment 26
1.2 Regulatory quality* 47.2
122 Rule of law* 221
123 Cost of redundancy dismissal, salary weeks.......n 22.9
13 Business environment 58.7
1.3.1 Ease of starting a business* 80.7
132 Ease of resolving insolvency* 45.8
133 Ease of paying taxes* 49.5
2 Human capital & research...........cccceeeueveee. 20.1
2.1 Education 320
2.1.1 Expenditure on education, % GDP......ssn 3.4
212 Gov't expenditure/pupil, secondary, % GDP/cap ... 104
2.13  School life expectancy, years 132
214 PISA scales in reading, maths, & SCIENCE ..cvvrrrrsrsrisirsen N/
215  Pupil-teacher ratio, secondary® 243
22 Tertiary education 280
221 Tertiary enrolment, % gross®* 289
222 Graduates in science & eNgiN€ering, % ... 22.2
223 Tertiary inbound mobility, %% 04
23 Research & development (R&D) 0.5
231 Researchers, FTE/mn pop.

232 Gross expenditure on R&D, % GDPE. ..o

233  Global R&D companies, avg. expend. top 3, mn SUS

234 QS university ranking, average score top 3*.......nn0.0
3 Infrastructure 36.2
3.1 Information & communication technologies (ICTS)............... 432
EAN ICT access* 49.5
312 ICT use* 187
313 Government’s online service* 48.6
3.14 E-participation® 559
32 General infrastructure 20.7
321 Electricity output, KWh/cap 1,0185
322 Logistics performance* 29.7
323 Gross capital formation, % GDP 14.2
33 Ecological sustainability 44.8
331 GDP/unit of energy use 11.8
332 Environmental performance* 68.1
333 ISO 14001 environmental certificates/bn PPP$ GDP.............0.3
4 Market sophistication........cccececevcecscccenennnns 42.2
4.1 Credit 35.0
4.1.1 Ease of getting credit* 65.0
412 Domestic credit to private sector, % GDP.......nnn 449
413 Microfinance gross loans, % GDP 13

105

9%
107
104

85
70
64
85

93
64
96
96

102
97
73

114

100
106
93
96
69
n/a
91

85
81

41 @
92

108
n/a
106
43
75

[eXNeNe)

98
%
83

101
87
74

118
92

101
87
40

76
22 @

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
%+ indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515
52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5
6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Investment 20
Ease of protecting minority INVESTOrS™ ... 38.3
Market capitalization, % GDP% 45.1
Venture capital deals/bn PPPS GDP....ewesssrinirin N/a
Trade, competition, & Market SCale........enescesrrsees 596
Applied tariff rate, weighted mean, %......ricnn 1.8
Intensity of local competitiont 710
Domestic market scale, bn PPPS$ 54.8

Business sophistication .........cccceceeeeenenenenn 28.2

Knowledge workers 9.1
Knowledge-intensive employment, % ... 12,1
Firms offering formal training, % firMS ... 53.8
GERD performed by business, % of GDP.... N/a
GERD financed by business, %% 0.7
Females employed w/advanced degrees, % total®’ 0.1
Innovation linkages 26.5
University/industry research collaboration® ................296
State of cluster development’ 36.2
GERD financed by abroad, % 16.9
JV-strategic alliance deals/bn PPP$ GDP.....ercriiric N/A
Patent families 2+ offices/bn PPPS GDP.....rcsriririen0.0
Knowledge absorption 29.1
Intellectual property payments, % total trade... 0.8

99

High-tech imports less re-imports, % total trade.

ICT services imports, % total trade ... 0.4
FDI net inflows, % GDP 17
Research talent, % in business enterprise........n. N/a

Knowledge & technology outputs............. 9.3

Knowledge creation 14
Patents by origin/bn PPP$ GDP 0.1
PCT patent applications/bn PPPS GDP........csrinirnnn 0.0

Utility models by origin/bn PPP$ GDP%: ...
Scientific & technical articles/bn PPP$ GDP ..

0.1
A

Citable documents H index 14
Knowledge impact 45
Growth rate of PPPS GDP/WOTKET, %....ccoverercsrsrsrsirinn N/
New businesses/th pop. 15-64 0.5

Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP .
High- & medium-high-tech manufactures, %...........N/a

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP
ICTs & business model creation ...

ICTs & organizational model creation” ... 445
Creative goods & services 9.6
Cultural & creative services exports, % of total trade...........0.0

National feature films/mn pop. 15-69% ...
Global ent. & media market/th pop. 15-69

Printing & publishing manufactures, %
Creative goods exports, % total trade .../

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69.........c

Wikipedia edits/mn pop. 15-69%
Video uploads on YouTube/pop. 15=69......mmmnsn

101
120

106

104

121
122
103

%
49
123
123

119
n/a
86
105
68
n/a

64
30
49
51
69

106



Key indicators
Population (millions) 13
GDP (US$ billions) 235
GDP per capita, PPP$ 28,591.8
Income group High income
Region Europe
Score 0-100
orvalue (hard data) ~ Rank
Global Innovation Index (out of 127).....ccceceerererreruererernenes 50.9 25
Innovation Output Sub-Index 449 19
Innovation Input Sub-Index 570 26
Innovation Efficiency Ratio 08 19
Global Innovation Index 2016 (out of 128) 517 24
1 Institutions 81.1 20
1.1 Political environment 745 32
1.1 Political stability & safety* 789 36
112 Government effectiveness* 702 28
1.2 Regulatory environment 858 18
1.2 Regulatory quality* 845 15
122 Rule of law* 782 23
123 Cost of redundancy dismissal, salary weeks.....cnn 129 44
1.3 Business environment 829 24
131 Ease of starting a business* 95.1 13
132 Ease of resolving insolvency* 655 39
133 Ease of paying taxes* 880 19
2 Human capital & research...........cceeeeev.... 41.5 38
2.1 Education 588 25
2.1.1 Expenditure on education, % GDP.....nnn 4.8 58
212 Gov't expenditure/pupil, secondary, % GDP/cap ......ccei23.1 40
2.13  School life expectancy, years 164 26
214 PISA scales in reading, maths, & SCIENCE .cvvvrrrvrriiirinn 524.3 4
215  Pupil-teacher ratio, secondary® 8.1 9
22 Tertiary education 43.1 40
221 Tertiary enrolment, % gross. 696 26
222 Graduates in science & engineering, %%........omnnnnn 22,1 44
223  Tertiary inbound mobility, % 52 35
23 Research & development (R&D) 22.7 42
231 Researchers, FTE/mn pop. 28
232 Gross expenditure on R&D, % GDP .......covmvrsrrsrriinnn 24
233 Global R&D companies, avg. expend. top 3, mn SUS 43
234 QS university ranking, average score top 3*......n 53
3 Infrastructure 63.9 11
3.1 Information & communication technologies (ICTS)................ 823 17
3.1 ICT access*® 802 24
312 ICT use* 787 13
313 Government’s online service* 89.1 13
3.14 E-participation® 814 22
32 General infrastructure 455 38
321 Electricity output, KWh/cap 78917 22
322 Logistics performance* 60.1 37
323 Gross capital formation, % GDP 240 49
33 Ecological sustainability 63.9 9
331 GDP/unit of energy use 6.1 92
332 Environmental performance* 88.6 8
333 ISO 14001 environmental certificates/bn PPP$ GDP...........14.8 1
4 Market sophistication........ccccceceeeeenenrseneenn. 55.0 - 26
4.1 Credit 48.8 30
4.1.1 Ease of getting credit* 29
412 Domestic credit to private sector, % GDP 41
413 Microfinance gross loans, % GDP... n/a

NOTES: @ indicates a strength; O a weakness; * an index; ta survey question.
“:indicates that the country’s data are older than the base year; see Appendix Il for details, including the year of the data, at http:/globalinnovationindex.org.
Square brackets indicate that the data minimum coverage (DMC) requirements were not met at the sub-pillar or pillar level; see page 181 of this appendix for details.

[ 3N JON J

4.2

421
422
423

43

431
432
433

5.1

511
512
513
514
515

52

521
522
523
524
525
53

531
532
533
534
535

6.1

6.1.1
6.1.2
6.13
6.14
6.1.5

6.2

6.2.1
6.2.2
6.2.3
6.24
6.2.5

6.3

6.3.1
6.3.2
6.33
634

7.1

7.1
712
713
714

7.2

721
722
723
724
725

7.3

731
732
733
734

Estonia

Investment 564
Ease of protecting minority iNVESLOrs™........rrsrirnnn60.0
Market capitalization, % GDP n/a
Venture capital deals/bn PPPS GDP...emrcsssrisirirn0.2
Trade, competition, & Market SCale........cmesersrrsen 599
Applied tariff rate, weighted Mean, %........cnn 1.6
Intensity of local competitiont 79.2
Domestic market scale, bn PPPS$ 38.7

Business sophistication .........cccccevevcccreeeene. 43.4

Knowledge workers 55.1
Knowledge-intensive employment, %..........nn44.0
Firms offering formal training, % firMS ... 35.2
GERD performed by business, % of GDP........mrnn0.7
GERD financed by business, % 41.0
Females employed w/advanced degrees, % total................25.8
Innovation linkages 369
University/industry research collaboration™....................51.4
State of cluster development® 46.0
GERD financed by abroad, % 12.2
JV-strategic alliance deals/bn PPP$ GDP....ercriirirnn0.2
Patent families 2+ offices/bn PPPS GDP.....mmmmisisns 1.1

Knowledge absorption
Intellectual property payments, % total trade...
High-tech imports less re-imports, % total trade.
ICT services imports, % total trade
FDI net inflows, % GDP
Research talent, % in business enterprise ... 2 7.5

Knowledge & technology outputs...........36.1

Knowledge creation 313
Patents by origin/bn PPP$ GDP 1.6
PCT patent applications/bn PPPS GDP.......ccssriirnnnn 0.6

Utility models by origin/bn PPPS$ GDP........
Scientific & technical articles/bn PPP$ GDP ..
Citable documents H index

Knowledge impact
Growth rate of PPPS GDP/WOTKEN, %0..cvcrvercsrisrsssre
New businesses/th pop. 15-64
Computer software spending, % GDP....
ISO 9001 quality certificates/bn PPP$ GDP
High- & medium-high-tech manufactures, %..........ccceue. 0.4

Knowledge diffusion
Intellectual property receipts, % total trade.....
High-tech exports less re-exports, % total trade..
ICT services exports, % total trade
FDI net outflows, % GDP

Creative outputs
Intangible assets
Trademarks by origin/bn PPP$ GDP.........
Industrial designs by origin/bn PPP$ GDP .
ICTs & business model creation ...

ICTs & organizational model creation ...

Creative goods & services
Cultural & creative services exports, % of total trade........1.5
National feature films/mn Pop. 1569 ...
Global ent. & media market/th pop. 15-69
Printing & publishing manufactures, %....... .
Creative goods exports, % total trade ... 1.2

Online creativity
Generic top-level domains (TLDs)/th pop. 15-69
Country-code TLDs/th pop. 15-69.....cccmee.
Wikipedia edits/mn pop. 15-69 3
Video uploads on YouTube/pop. 1569

20
52
n/a
12

70
23
15
98

29
28
17
38
27
33

27
30
52
33
14
10
49

20
101

® O @O0
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